Cmq7s! 


IRON AND STEEL 


COMMON COMMODITIES 
AND INDUSTRIES SERIES 


Each book in crown 8vo, cloth, with 
many illustrations, charts, etc., 3/- net 


TEA. By A Issetson 

COFFEE. By B B KeEasie 

SUGAR. By Geo Martineau, C B 

OILS. By C Arnswortu MITCHELL, 
B FIC 


? 


WHEAT, By Anprew MiLzar 
UBBER. By C Brapir and H P 
STEVENS, MW A,PhD,FIC 

IRON AND STEEL. ByC Hoop 

COPPER. By H Kk Picarp 


COAL. By Francis H_ WILson, 
M Inst, ME 


TIMBER. By W Buttock 
COTTON. By R J Peaxt 

SILK. By Lurner Hooper 
WOOL, By J A Huntrr 

LINEN. By ALFrepS Moore 
TOBACCO, B; A CL Tanner 
LEATHER. By K J Apcocn 
KNITTED FABRICS. By J Cuix 


BERLAIN and J H QUILTER 
CLAYS. By Atrrep B Stare 
PAPER. By Harry A Mappoa 
SOAP. By Wititaw A Siumony, 

BSc (Lond), FCS 
THE MOTOR INDUSTRY. 

Horace Wyatt, BA 


GLASS AND GLASS MAKING. By 
PLRCIVAL MARSON 


GUMS AND RESINS. By E Jj 
Parry, BSc, FIC, FCS 

IHE BOOT AND SHOE INDUSTRY. 
By J S Harpive 


ST AND GAS MAKING. 
W H.Y WeEssrr 


FURNITURE. By H E BinstE ap 
COAL TAR. By A R Warnes 
PETROLEUM. By A Lincert 
SALT. By A F Carverr 


By 


By 


ae By T E Lones,MA,LLD, 


sacneceaeay: By Wm GAMBLE 

ASBESTOS. By A. L&onarp 
SUMMERS 

SILVER. By Benjamin WuitTE 

CARPETS, By Recinatp S Brinton 

PAINTS AND VARNISHES. By 
A S JENNINGS 


CORDAGE AND CORDAGE HEMP 
AND FIBRES. By T WoopnHouse 
and P lircour 

ACIDS AND ALKALIS. ByG H J 
ADLAM 


ELECTRICITY. By R E Neate, 
B Sc , Hons 

ALUMINIUM. By Captain G 
MorTIMER 

"GOLD. By BevjaMIN WuHITE 

| BUTTER By C 


AND CHEE 
W WALKER TISDALE and JEAN 
JONES 


THE BRITISH SCORN TRADE. 
A BARKER 


LEAD. By J A Smytue, DSc 
ENGRAVING. By T W LasceELves 


STONES AND QUARRIES. By J 
AtreN Howe, OBE, BSc, 
MIMM 


EXPLOSIVES ByS I Livy, BA, 
BSc, FIC 


THE SLOTHING INDUSTRY. 
B W Poort, MUKA 


TELEGRAPHY, TELEPHONY, AND 
WIRELESS. By J Pootg, 
AMIEE 

PERFUMERY. By E J Parry 

THE ELECTRIC LAMP INDUSTRY. 


By G ARNCLIFFE PERCIVAL 


ICE AND COLD STORAGE. By B H. 


SPRINGETT 


By 


By 


OTHERS IN PREPARATION 


PITMAN’S COMMON COMMODITIES 
AND INDUSTRIES 


IRON anp STEEL 


THEIR PRODUCTION 
AND MANUFACTURE 


BY 


CHRISTOPHER HOOD 


(Of the Firm of Messrs Bell Brothers, Limited) 


LONDON 
SIR ISAAC PITMAN & SONS, LTD. 
PARKER STREET, KINGSWAY, W.C.2 
BATH, MELBOURNE, TORONTO, NEW YORK 


INTRODUCTORY 


OF all the Commodities of Commerce Iron is by far the 
most important. In this country it forms the basis of 
an Industry which ranks second only to that of Agri- 
culture, it enters essentially into every other manufac- 
ture, it is the maid-of-all-work of Science, the servant 
of the Arts. The civilisation of nations is measured 
by it, wealth results from its possession and progress 
accompanies its use. 

In writing the story of iron in the short space which 
this book necessarily allows, it is manifestly impossible 
to deal with finished manufactures save those which 
are made directly from the raw material such as rails, 
girders, bars, plates, etc., and even these can only be 
treated in a very general way. The endeavour of the 
Author has been to write of the subject on broad lines, 
and thus give a comprehensive and clear account of it 
without too much detail. He wishes to express his 
obligation to Scrivenor’s History of the Iron Trade, 
Swank’s Iron in all Ages, and Sir Lowthian Bell’s work, 
Principles of the Manufacture of Iron and Steel, and to 
thank Mr. S. Marston, of the North Eastern Steel Co., 
and Mr. Henry Simpson, of the Middlesbrough Chamber 
of Commerce, for much valuable assistance. 


* Gold ts for the mtstress—silver for the matd ! 
Copper for the crafisman cunning at hts trade.” 

“ Good |’ said the Baron, sitting in his hall, 

“ But Iron —Cold Iron—is master of them all!” 


From the Poem ‘Cold Iron" in Rewards and 
Fairies, by Rudyard Kipling. By permission of 
Messrs. Macmillan & Co. 
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IRON AND STEEL 


THE RAW MATERIALS 
CHAPTER I 


IRON ORES 


To begin at the very beginning it is necessary to con- 
sider the origin of the iron which is found in the rocks, 
from which it is extracted by the ironmaster. It has 
been estimated that iron forms 5 per cent. of the total 
substance of the earth, but it is very unevenly dis- 
tributed. It occurs from a minute trace up to 70 per 
cent. of the whole rock, but it is only with rock containing 
more than about 25 per cent. of iron that the ironmaster 
is concerned. How then did the iron get into the stone ? 
It does not occur as pure metal but is combined with 
oxygen, carbon, sulphur, etc., and many theories have 
been formulated to account for its presence. One or 
two of these theories, which have met with more or 
less general acceptance, may be mentioned. 

In many cases it is quite evident that the iron was 
not present when the rock, which now contains it, was 
first formed. This is the case with the Cleveland iron- 
stone. In a paper read recently, Mr. J. E. Stead con- 
firmed the opinion expressed by the late Dr. Sorby that 
the iron in this stone came there by replacement. Dr. 
Sorby’s opinion was that the bed of iron-stone was 
originally a bed of impure limestone, that the iron was 
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carried down in solution by water highly impregnated 
with carbonic acid through the limestone when the 
limestone was dissolved by the carbonic acid and the 
iron left as a solid in its place. The reaction is most 
clearly expressed in its chemical formula thus : 


CaCo,; + Fe,CO, = Fe,CO, + CaCQ, 
Solid. in Solution Solid. in Soluticn 


The impurities in the original limestone have, of course, 
remained, and therefore the ore is only of low grade. 

In the case of the rich Hematite ores of Cumberland, 
Mr. J. D. Kendall’s theory is that iron in solution, such 
aS an aqueous solution of perchloride of iron, was 
forced up from the depths below and was caught up 
by the underground waters circulating among the 
rocks, thus coming in contact with the limestone. The 
reaction of the iron and lime took place causing the iron 
to be deposited and the lime carried away, carbonic 
acid being given off. The reaction is expressed in 
chemical formula thus: Fe,Cl, + 3CaCO, = Fe,0; +3 
(Ca Cl, + CO,). In this case the source of the iron is 
assumed to be volcanic, whereas in the case of the 
Cleveland iron-stone the iron is assumed to have been 
dissolved out of the superincumbent strata. 

The huge masses of magnetic iron ore which are 
found in Scandinavia occur in primary rocks, and the’ 
conditions under which these rocks were formed are 
so problematical that any theories as to the origin of 
the magnetite can be little more than vague generalisa- 
tions. In the welter of heat and motion, of dynamic 
force and of chemical and electrical action which the 
earth suffered when its surface passed from the liquid 
to the solid state, and the interior was still probably 
more or less gaseous, it may be that the iron was forced 
up in a gaseous or liquid condition into the rocks just 


IRON ORES 3 


formed and there solidified into its present condition, 
though how the oxides of which the ore is composed 
were formed and separated so completely as they are 
from other substances it is hardly possible to make even 
a guess. 

Passing from the question of the origin of iron ores 
to their practical use in making iron at the present time, 
their value in this regard depends on the quantity of 
iron they contain, the form in which that iron exists, 
the impurities associated with them, their mechanical 
condition and their accessibility. Ores with less than 
about 25 per cent. of iron, unless they contain a large 
percentage of lime, are hardly worth using, as the cost 
of smelting nearly four tons of stone to obtain one ton 
of iron is usually prohibitive. 

The form in which the iron exists in the stone affects 
its value, because some compounds of iron are much 
more difficult to reduce than others. There are three 
compounds of oxygen and iron, viz., Ferric oxide (Fe,O3) 
Ferrous oxide (Fe O) and Magnetic oxide (Fe,0,). It 
is doubtful whether the latter is a separate compound 
or only a mixture in definite proportions of the other 
two. The ferric oxide is the most easily reducible 
compound, requiring less coke in the blast furnace 
than either of the others. Ferrous oxide comes next 
and the magnetic oxide, or magnetite last, as it is 
very dense and hard and requires great heat to 
smelt it. 

The nature of the impurities in the gangue, or other 
matter associated with the iron in the ore, affects its 
value. Thus ores containing appreciable quantities 
of arsenic, chromium, titanium, lead, zinc, copper, etc., 
or excessive quantities of sulphur, silica, or alumina are 
much less valuable than ores without or with less of 
these substances because they either affect the fabric 
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of the furnace injuriously in smelting or require more 
fuel, or produce inferior iron. 

The mechanical condition of ores also affects their 
value. The iron sand of New Zealand has been often 
tried, but the attempts to make iron from it have hitherto 
been unsuccessful. In recent years a large iron ore 
property in Spain was opened out, but when the ore 
was brought to market it was found to.be so fine that 
it could not be smelted, and an expensive plant for 
making briquettes out of it had to be installed before 
it could be used. 

That the accessibility of an ore qualifies its value 
hardly needs stating. The poor iron-stone of Cleveland, 
containing less than 30 per cent. of iron, because it is 
easily accessible and in close proximity to the Durham 
coal-field and a navigable river, has been the source of 
the most important iron trade of Great Britain, while 
the rich ores of Brazil, far from coal and difficult of 
access, still rest in their native beds. 

Ore which, when mined, is unsuitable for any of the 
reasons given may sometimes be rendered suitable by 
preliminary treatment. Ore poor in iron may be crushed 
and washed, or electrically treated, so that its percentage 
of iron is largely increased. The great Dunderland 
Iron Ore Co. was formed so to “concentrate” an 
immense deposit of ore in Sweden which was other- 
wise of no value. Many other ore properties are at 
present being developed in a similar way and “ con- 
centrates "’ are becoming a regular article of commerce. 
Preliminary treatment may also modify the objection 
to Ferrous and Magnetic oxides. The hard dense 
magnetic ore of Sweden and Norway when broken into 
small pieces presents a much greater surface to the heat 
and is thus much more easily reduced than when charged 
in large lumps. The calcining of Cleveland and similar 


IRON ORES 5 


stone, although that operation is usually regarded as 
part of the process of making iron is really a preliminary 
treatment of a poor ore by which the percentage of 
iron is largely increased and the form of it changed 
from Ferrous to Ferric oxide. 

Ores may be classified according to the form in which 
the iron is found in them, that is, as Carbonate, or 
Ferric, Ferrous, or Magnetic oxide ores; or they may 
be described by the character of the “ gangue’”’ with 
which the iron is associated, that is, as Argfllaceous, 
Silicious, Aluminous, Calcareous or Bituminous ores, 
but the simplest division of them, and the most useful 
generally is as phosphoric and non-phosphoric ores. A 
non-phosphoric ore is one which contains less than 
.03 per cent. of Phosphorus ; all others are Phosphoric. 
This division arose when the Bessemer process of 
steel-making was first invented and it was found that 
iron containing more than -05 to ‘08 per cent. of 
Phosphorus was unsuitable for making steel by that 
process, A demand at once arose for ores low in 
phosphorus which had not up to then been regarded as 
especially valuable. The development of the acid 
processes of steel-making has maintained and extended 
that demand, and non-phosphoric ores have to-day a 
considerably higher value than the best phosphoric 
ores, Until the invention of the basic process Hematite 
iron made from non-phosphoric ores was the only material 
available for making steel in the Bessemer Converter 
or Siemens Furnace. It is probable that with the exten- 
sion of the Basic process the relative values of phos- 
phoric and non-phosphoric ores may be considerably 
altered in the future. 

The principal non-phosphoric ores of Great Britain 
are the Hematite ores of Cumberland and North Lan- 
cashire, Less important are the brown Hematite in 
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the Forest of Dean andin Antrim. The most important 
deposits of this ore in Europe are those of Spain, As 
there is no coal available for smelting them there they 
are exported to Great Britain and Germany and pro- 
vide the principal material for the Hematite iron trade 
of the North East of England, the West of Scotland, 
South Wales, and in a considerable degree of the West- 
phalian district of Germany. In the United States the 
Lake Superior district supplies the principal non-phos- 
phoric ores. The enormous supply of this ore and its 
excellent quality account largely for the enormous 
development of the American iron and steel trades. 
The ore is found in five ranges on Lake Superior, viz., 
Marquette, Menominee, Gogebic, Vermilion and Mesaba. 
The largest quantity is now worked from the Mesaba 
range though it was the last opened. The quantities 
worked in 1911 were 


Marquette 2,833,116 tons 
Menominee 3,911,174 _,, 
Gogebic 2,603,318 ,, 
Vermilion 1,088,930 _,, 
Mesaba 22,093,532 , 


In 1916 the total output was 66,658,466 tons. 

The ore varies in percentage of iron from 54 to 68, 
is low in Silica, Phosphorus and Sulphur. The Mesaba 
ore is very fine mechanically, and the furnaces using it 
have to be built on special lines. 

Of phosphoric ores there is a very large supply. In 
Great Britain the Blackband iron-stone of the coal 
measures, now almost exhausted, was the foundation 
of the iron trade of Scotland. The Cleveland iron trade 
has been built up on the ironstone of the district. 
Lincolnshire, Northamptonshire and Rutland have 
large deposits which are being extensively worked, and 
Wales, both North and South, possesses considerable 
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supplies. The iron trade of Staffordshire has been 
maintained for more than a century principally on the 
local iron-stone of the coal measures, though of late years 
large quantities from Northamptonshire and other 
districts have had to be imported. On the Continent 
the most important among many large deposits is the 
Minette ore of Luxemburg and Elsass-Lothringen. 
Upon this Germany has built up an immense iron trade, 
and it is also the source of most of the iron manufacture 
of France and Belgium. The exploration of these huge 
deposits is still going on, and proposals for supplying 
the ore to English works have been made from time to 
time. Austria has large deposits in Styria. Spain, 
Greece and Russia have large quantities available. 
The Magnetic ores of Scandinavia have been largely 
drawn upon by Germany and Great Britain. In America 
the largest deposits being worked are the Wabana ore 
of Bell Island, Newfoundland, and the Alabama ore 
of the Southern States. 

A recent investigation shows that the iron ore 
resources of the world are practically inexhaustible. 
In some countries, such as Russia and China, there are 
immense fields which have never been thoroughly 
investigated. The mineral resources of China in par- 
ticular are known to be very large. It is said that a 
mining engineer who was sent to Manchuria to report 
on a coal-field there returned in despair because he 
found a seam of coal eighty feet thick which he could 
not imagine how to work. It is more than probable 
that China with her great natural wealth of coal and 
iron ore, her cheap labour, and the intelligence of her 
people will become one of the great industrial nations, 
competing successfully with Europe and America in 
the world’s markets. 

The pig iron which is produced from native ore in 

2—(1467) 
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Great Britain is made chiefly in Cleveland and Durham, 
the Midland Counties and Staffordshire, Cumberland 
and North Lancashire, and Lincolnshire, from the 
Cleveland, the Northampton and the Lincolnshire 
ironstone and Cumberland ore. The Cleveland iron- 
stone is a carbonate of iron found in the Lias, which 
has to be calcined before going into the furnace. It is 
mined, and the output in 1909 was 6,191,172 tons. 
The Northampton stone is a brown ore from the Oolite, 
which is quarried in Northants and Rutland. The 
Cumberland ore is Hematite of great purity. The 
Clayband iron-stone of Wales, Staffordshire, and Shrop- 
shire is next in importance to those mentioned. The 
total quantity of iron ore raised in Great Britain in 1909 
was 14,979,979 tons. 
Typical analyses of English ores are given below. 


Ceveland Northants Lincoln Cumberiand 


(as mined) (as mined) (dry) (dry) 
% % % % 

Ferrous oxide ; . 34°80 1:78 2°31 — 
Ferric ‘5 : . 101 48°88 30°28 84°41 
Manganous ,, ‘ ‘ “43 ‘20 “40 32 
Alumina ; ; . 12-90 6°66 5°11 ‘97 
Lime. : : . §:83 2°15 24:12 706 
Magnesia ; , . 342 ‘81 ‘86 ‘1 
Silica. ; . 13°40 7°89 8°25 7°36 
Phosphoric Acid. . 1S ‘89 "35 03 
Sulphur , "16 "12 ‘02 "004 
Carb. Acid, etc. . . 20-70 12:37 28:30 1:09 
Combined Water ; . 1:20 5:00 
Moisture ; P . 5°00 18°34 
Metallic Iron . 27°79 35:60 23 00 59 08 


Iron in Calcined Stone . 37°66 


Since this book was begun an important discovery 
of ore in the Isle of Raasay on the West Coast of Scotland 
has been announced. This ore is in a bed which ranges 
from six to seventeen feet in thickness, and is in the same 
geological horizon as the Cleveland Iron-stone, viz., 
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about the junction of the middle and upper Lias, and 
is apparently of the same character as that stone. 
The following is said to be a typical analysis of this ore: 


Ferrous oxide . 30:3 Carbon dioxide . 28: 


Ferric 3 . 23 Silica . 6°5 
Manganous ,, “4 Sulphur : ; ‘2 
Alumina. . 36 Phosphoric Acid . 2°3 
Lime . : . 176 Water, etc. 4°5 
Magnesia . . 20 


From this it will. be seen that although it is lower in 
the iron it contains than Cleveland stone it has much 
less silica and much more lime, two very important and 
valuable advantages. Its higher Phosphorus makes 
it an ideal ore for the manufacture of basic iron for steel- 
making, and, if the present reports of it are confirmed on 
further development of the seam, a very valuable addi- 
tion to the iron ore resources of Scotland has been made. 
The Island of Raasay is said to have been purchased 
by Messrs. William Baird & Co., Ltd., the great Scotch 
ironmasters. 


CHAPTER II 
COKE AND LIMESTONE 


NEXT to the ore the most important material required 
in making iron is fuel. This in the blast furnace takes 
the form of Coal and Coke. In the Scotch furnaces 
coal is used, and the by-products of the distillation 
of it in the furnace are collected from the gases. In 
America Anthracite Coal is used, where that is mined, 
but coke is the fuel which is generally used in most 
iron districts. The weight of the ‘‘ burden ” in modern 
furnaces would crush ordinary coal so small that the 
passage of the blast would be seriously obstructed, and 
the hard coke of Durham therefore forms the most 
satisfactory fuel in the blast furnace. The quality of 
coke depends on its hardness physically, and chemically 
upon the percentage of fixed carbon, sulphur and ash. 
Sulphur is one of the great enemies of the ironmaster 
and ash is a useless material. The best Durham coke 
was made from the Brockwell seam of coal, but that 
is now nearly all worked out. All coke was at one time 
made in Beehive ovens by which all the by-products 
of the distillation were lost, passing off into the flues and 
thence into the air. This process, however, is said to 
have produced the hardest coke. 

The new regenerative by-product coke-ovens have 
of late years been installed, and where practicable are 
put down near to the furnaces instead of at the collieries, 
so that the gases may be available for power purposes, 
and this system has the further advantage of saving 
the handling and consequent breakage of the coke, and 
minimising the opportunities of its absorbing moisture 
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in transit. The recovery of the by-products more 
than compensates for the increased first cost of the 
“ovens and the extra cost of renewals and repairs. The 
by-products recovered are 

Tar, from which Pitch is sometimes extracted. 

Liquor, from which Sulphate or other Ammonia 
Salts are recovered. 

Licut OIL or CRUDE BENZOLS, or similar bodies, from 
which occasionally purer Benzols, Solvent Naptha, 
Toluene, Xylene, Napthalene, etc., are prepared. 

- In a few cases the gases are also further treated to 
extract Ferro-Cyanides or other Cyanide compounds. 
These by-products now form the basis of a great 
industry which is increasing year by year. Large 
quantities of Sulphate of Ammonia and Benzol, as well 
as Pitch, are exported to various parts of the Continent 
and to Japan. 

The average composition of a good present-day 
Durham coke, which may be regarded as a standard, 
would be 


Ash ; ; : : . 8 to 10% 
Sulphur . : : . ~ 1Ltol3% 
Volatile Hydro Carbons from Trace to 1% 
Moisture from Trace to 2% 


Balance being fixed Carbon 


The establishment of an iron industry depends more 
upon the presence of an ample supply of fuel than of 
Iron ore. Thus we see that neither Spain nor the 
Scandinavian countries have been able to undertake 
the manufacture of iron to any serious extent, whereas 
the iron trade of South Wales is carried on now very 
largely -by means of imported ore, which is smelted with 
the local coke. 

In order to carry off the impurities in the ore it is 
necessary, as a rule, to add a flux to the charge which 
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helps to form a slag. In the case of ore containing a 
considerable quantity of lime this is not necessary. 

Limestone is the flux most generally used, and if 
modern practice in Cleveland it is usual to pass it through 
the kilns with the iron-stone, by which means it becomes 
intimately mixed with the iron-stone, and is converted 
into lime. 

A fairly representative analysis of a suitable limestone 
for use as a flux would be 


Silica 5% to 2% 
Iron Oxides and Alumina from 1% to 2% 
Carbonate of Magnesia from 15% to 3% 


Balance 1s Carbonate of Lime. 


THE HISTORY OF IRON-MAKING 


CHAPTER III 
ORIGINS AND PROGRESS 


THE beginning of the story of the making of iron is 
lost in the dim mists of forgotten ages. It may be 
that, as in the case of copper, the first man who used 
iron beat it out in the ore, but it is more likely that a 
piece of rich ore was accidentally heated in a fire and - 
malleable iron produced. What a prize the first piece 
would be to the owner of it, how it would be hammered 
and tested and tried and compared with copper and 
bronze, for there is not much doubt that copper and tin 
were the first metals used. How far back in the history 
of man this discovery was made it is impossible to say, 
but in the time of Homer the manufacture of iron was 
well known, and the Egyptians made and used it at 
an early period in their history. 

After the first discovery of the metal it would not be 
long before its manufacture became an ordinary and 
well-known operation, the ore probably being at first 
simply heated in a fire and afterwards the intensity of 
the heat being increased by blowing, at first through 
a tube with the mouth and later by bellows. It is 
interesting to know that notwithstanding all the pro- 
gress which has been made since the men of the stone 
age lived and fought their way upward, this primitive 
method of making iron is still—or was until recently— 
used in Central Africa and also in that land of changeless 
life, India. There the “ironmaster” with his few 
pieces of iron ore and charcoal squats down, sets the 
charcoal alight and blows through his bamboo cane 

13 
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until the ore is reduced and a few pounds of iron pro- 
duced, which he at once proceeds to dispose of. It 
has been calculated that a modern blast furnace will 
produce as much iron in a day as would be made by 
100,000 men in the same time by this method. 

For thousands of years this was the only method 
of making iron, the only progress during that long 
period being in the improvement of the apparatus 
used. The simple heap of ore and charcoal producing 
a few pounds of iron gave place to the Catalan forge 
of the Pyrenees, the Stiickofen of Germany, and the 
Osmund furnace of Sweden yielding two or three tons 
per week of malleable iron. Traces of the use in Eng- 
land of this method still exist in the heaps of scorie 
resulting from the manufacture, which are found in the 
Cleveland hills, the Forest of Dean, Cumberland, 
Sussex, and other places. 

The great importance of the Catalan forge as the 
only instrument for the manufacture of iron over a 
long period, and one which has survived to our own time, 
justifies a detailed description of the furnace and its 
use. 

The furnace, which is shown on p. 15, consisted of a 
rectangular hearth about 3 ft. by 2 ft. 6 in., tapering 
to 2 ft. 2 in. at the bottom. The hearth was built 
of refractory bricks set in fire-clay. The bottom was 
supported on arches, and on these was a layer of fire- 
clay and slag well beaten down. Above this was the 
bottom made of sandstone or granite. The side walls 
were heavy iron bars laid on one another, the back 
wall was brick and the front wall was two iron plates, 
in the lower one of which was a hole for tapping out the 
slag. The tuyere was of copper and inclined 30° to 40° 
to the horizontal. The blast was supplied by a trompe, 
or water-blower, as shown in the illustration. The 
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water reservoir was connected to the receiver by a pipe 
about 20 ft. long. The water in falling through the pipe 
drew air through the apertures in the side, which passed 
into the receiver and was forced through the tuyere, 
while the water escaped through the opening in the 
bottom of the receiver. A shelf in the receiver broke 
the fall of the water, and the flow was regulated by 
inserting a plug in the mouth of the pipe. The air was 
necessarily highly charged with moisture. 

In working the furnace, burning charcoal was spread 
over the hot bottom and the hearth was gradually filled 
up with charcoal to the level of the tuyere. When this 
had burnt up an iron sheet was put vertically across 
the middle of the furnace, and on the farthest side from 
the tuyere roasted ore broken to the size of an egg, was 
put in. The side nearest the tuyere was filled up with 
large charcoal. The blast was then put on, and as 
the plate was raised the hot reducing gases acted on the 
ore. More charcoal and ore were then added and the 
spongy iron and slag collected on the bottom. The 
slag was tapped off from time to time, and after five 
or six hours sufficient iron would have formed to make 
a bloom, which was then removed, hammered and 
squeezed to get rid of slag and shaped to bars. From 
half a ton of ore, about 3 cwts. of iron would be pro- 
duced by using 11 cwts. of charcoal. The Bloomery 
furnace worked in a similar manner, but the ore was 
used in a finer condition and the furnace was worked 
continuously. The High Bloomery, or Stiickofen, was 
about 15 ft. high and 3 ft. diameter at the hearth. 
The blast was supplied by bellows driven by a water- 
wheel, and the lump of iron was withdrawn through the 
tuyere arch, the slag being run from a separate tap-hole. 

The first great step towards modern methods of iron- 
making was taken when cast-iron was first produced. 
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Although this only took place some 400 to 500 years 
ago nothing is known about its discovery. It seems 
most probable that this came about through the use 
of bigger furnaces and greater heat for reducing ores 
by which the iron became fused and took up a portion 
of carbon from the fuel. It is known that in Germany, 
in the sixteenth century, antimony and other metals 
were added to the charge of ore to reduce the melting 
point of the iron and enable cannon to be made of the 
metal. The first cannon of cast-iron was made in Eng- 
land at Buxted, in Sussex, by Ralph Hogein in 1543, and 
ordinary iron castings were made first in 1706 by Dutch 
workmen imported to make brass. From this it would 
appear that the art of casting in metals was known better 
on the Continent at that time than in England. It is 
evident from these dates that the uses to which the 
metal in its new form could be applied were not at once 
discovered. The cast-iron first produced would be of 
low quality unsuitable for making good castings, and 
it would no doubt be reheated and converted into 
malleable iron. The Catalan forge and the Stiickofen 
gradually gave place to the blast furnace, the greater 
economy of fuel, the larger output and the new uses 
to which the cast-iron could be put more than com- 
pensating for the substitution of a single process by a 
double one, in the manufacture of malleable iron. 
Many efforts have since been made to produce malleable 
iron by a single process direct from the ore, but not one 
has succeeded in competing with the blast furnace and 
puddling furnace, the reasons for the failure being that 
the blast furnace extracts practically all the iron from 
the ore at a small expenditure of fuel, whereas the low 
temperature necessary in a direct process is wasteful 
in fuel and fails to extract a large percentage of the iron 
in the ore. 
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The next improvement in the process of iron-making 
was the substitution of pit coal for charcoal in the blast 
furnace. This was first attempted by Dud Dudley in 
1618, but it was not until about 1733 that Abraham 
Darby succeeded in using coke in his blast furnaces. 

Although it has no connection with the sequence of 
events by which the iron trade was developed, mention 
must here be made of the invention, in 1770, of cast 
steel by Huntsman of Sheffield, which will be referred 
to later on. 

The next great step forward was the invention about 
the year 1784, by Henry Cort, of the puddling furnace 
and the rolling mill. Until then malleable iron had been 
made either by the direct process or from pig iron by 
reheating in the Catalan forge, or similar apparatus. 
Cort substituted a reverberatory furnace for the hearth 
of the forge, and grooved rolls for the forge hammer. 
The reverberatory furnace reduced the cost of manu- 
facture and gave a larger output of a more uniform 
quality. S. B. Rogers greatly improved this furnace in 
1816 by substituting an iron bottom for the sand bottom 
Cort employed. The forge hammer was only able to 
manipulate small blooms, and could fashion them only 
into shapes of very limited size and area. - Cort’s inven- 
tion of grooved rolls, through which the iron was passed, 
enabled greater lengths and different shapes of rail or bar, 
and more varied and more regular thicknesses and sizes 
of plates to be made. Although Cort is credited with 
the invention of the rolling-mill, and was undoubtedly 
the first person to make extensive use of it, there is much 
evidence that both flat and grooved rolls were used 
before his time. Scrivenor, in his History of the Iron 
Tvade, quoting from Coxe's Tour in Monmouthshire, 
says that John Hanbury invented the method of rolling 
iron plates by means of cylinders in the early part of 
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the eighteenth century. In Dr. Ure’s Dictionary of the 
Arts the invention of flat or sheet rolls for rolling plates 
is attributed to John Payne. Mr. Swank, in his book 
Iron in all Ages, quotes patents for rolls of various 
forms for rolling bar iron, one being taken out in 1759 
by Thomas Blockley. Cort, therefore, probably per- 
fected the ideas of previous inventors and made a rolling- 
mill which was a success, An earlier invention than the 
rolling-mill was thé slitting or splitting-mill, by which 
bars were cut into sizes for nail rods. This mill was 
invented in Sweden, and Scrivenor quotes from the 
Letters of S. T. Coleridge an extraordinary account of 
how the invention was brought to England by a man 
named Foley, living near Stourbridge. Foley was a 
fiddler, and in watching the process of nail-making 
noticed the labour and time taken up by dividing the 
iron rods. <The invention of the slitting mill in Sweden 
greatly affected the nail trade in Stourbridge, and 
Foley disappeared and only returned after some years. 
He had resolved to find out the process of splitting the 
bars by machinery, and without a word to anyone he 
took his fiddle, went to Hull and worked his passage 
to the Swedish iron port. From there he fiddled and 
begged his way to the works where he ultimately became 
a great favourite of the workmen and was allowed to 
enter any part of the works. He learnt all he could, 
and then disappeared, returning to England. He 
consulted a Mr. Knight and another person and told 
them what he had learnt. The necessary machinery 
was erected by these people, but it would not do the 
work, Foley disappeared again, returned to Sweden, 
was received with joy by the workmen who lodged him 
in, of ail places, the slitting mill itself. He discovered 
the cause of the failure at Stourbridge, made drawings 
and waited to verify his notes and then disappeared 
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once more, returned to England and set the machinery 
to work, this time with success. 

The two inventions of Cort marked the beginning 
of the modern treatment of iron and were the first step 
in the marvellous development of the use of iron which 
has taken place in our time. In the thousand years 
or so before Cort, in which the manufacture of iron 
was carried on in Great Britain the quantity made had 
reached about 100,000 tons a year. A hundred and 
twenty years later that quantity had increased to ten 
million tons. 

The next great invention affecting iron manufacture 
was that of a Scotsman, James Beaumont Neilson, 
who, in 1828, conceived the idea of heating the air of 
the blast before forcing it into the blast furnace. This 
resulted in a great saving of fuel and a large increase 
in the output of the furnace. 

At first the air was heated by passing it through an 
iron box heated by a fire, but inventors then set to work 
to find a means of saving the fuel required, the result 
being that about 1836 methods were devised for utilising 
the waste gas of the blast furnace itself by burning 
it in various forms of stoves, and then passing the air 
through the stoves in contact with the heated surfaces. 
Amongst the earliest of the stoves was one by Ford 
consisting of cast iron pipes, f} shaped, through which 
the air was passed, whilst the gases were being burnt 
about the outside of the pipes. By these stoves the air 
could be heated to about 570°F. Then came the Whit- 
well Stoves, consisting of chambers enclosing walls 
built of fire-bricks, and finally, about 1860, Mr. E. A. 
Cowper brought out his great invention of a regenerative 
stove with checker work lining of fire-brick in which 
the air can be heated to 1,600°F. 

Neilson’s great discovery is the more astonishing 
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because there does not appear to have been any reason 
at the time for supposing that the heating of the blast 
would result in any economy in reducing the fuel used 
in the furnace, and at first the results of using hot 
blast created much astonishment and _ discussion. 
It was not until many years afterwards that the 
action of the hot blast in the furnace was thoroughly 
understood. 

The blast furnace gases were in the meantime being 
used for raising steam for the blowing engines and 
auxiliary machinery about the furnace plant, but 
thinkers were busily at work on the problem of how 
to substitute another method of obtaining power for 
the wasteful steam engine. B. H. Thwaite was one 
of the first to propose the use of blast furnace gas direct 
in internal combustion engines, and during the past 
ten years the developments in this direction have been 
enormous. In modern works, the blast furnace gases 
not only supply power for their own requirements, 
but if the gases are used in gas engines in cases where 
steel works are run in conjunction with ironworks, the 
latter will supply the whole of the power required for 
the working up into finished steel of the whole of the iron 
output of the furnaces. 

This complete utilisation of blast furnace gases is 
therefore an enormous economy, but it has the further 
most important advantage of conserving the coal 
supply of the world. 

The utilisation of the furnace gas was the last of the 
great improvements in the manufacture of pig iron in 
the blast furnace. All subsequent progress in that 
manufacture has been made by improvements in appara- 
tus and methods such as more powerful blowing engines 
giving a greater pressure of blast, the charging of the 
furnaces by mechanical means, etc., etc. 
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There remains to be dealt with the great discoveries 
and inventions affecting the treatment of the raw iron 
after it has left the blast furnace. These are the 
Bessemer process of steel-making, acid and basic, the 
Siemens-Martin open hearth process of steel-making, 
also acid and basic, and the electric furnace. 
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THE HISTORY OF MODERN 
STEEL PROCESSES 


CHAPTER IV 
THE BESSEMER PROCESS 


In order to explain Henry Bessemer’s great invention 
and the revolution which it brought about, it is neces- 
sary to refer to the position of the manufacture of iron 
and that of steel immediately before its discovery. 

In 1855, when Bessemer’s first patent was taken out, 
there was a clear distinction between iron and steel. 
Iron was made in the blast furnace and remelted in 
the cupola for castings, or treated in the puddling fur- 
nace, the forge and the mill for making rails, bars, plates, 
and all kinds of malleable iron products. Steel was 
made by the Cementation process, bars of very pure iron 
being impregnated with carbon by heating in charcoal. 
Steel was iron of great purity containing from half per 
cent. to 2 per cent. of carbon, which would harden when 
heated and quenched. Since Bessemer’s invention 
the name of steel has been given to the product of the 
converter and the open hearth furnace ; it may contain 
any degree of carbon and does not necessarily harden 
after being heated and quenched. 

Bessemer’s discovery arose out of his endeavour to 
find a stronger material than cast-iron for making cannon, 
He wanted a material as hard -and rigid as cast-iron 
and as tough as malleable iron. But the quantity of 
heat requisite for melting malleable iron is so great 
that up to his time it-had been found impossible to 
liquefy more than a few pounds at a time. Now the 
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difference between the composition of cast-iron and that 
of malleable iron is that the former contains much more 
carbon, silicon, phosphorus and manganese than the 
latter, and it is the elimination of the excess of these 
substances from cast-iron which converts it into malleable 
iron. In the puddling furnace this is done slowly by 
oxidation, but Bessemer conceived the idea of doing 
it rapidly by blowing air into or through the molten 
pig iron, and causing rapid oxidation of the metalloids. 
He succeeded in producing malleable iron in this way, 
but it was soon found that although sufficient of the 
carbon, silicon and manganese was removed the greater 
portion of the phosphorus was left in the iron and 
rendered it practically valueless. This difficulty, which 
could not be overcome, confined the process to iron 
containing very small quantities of phosphorus. No 
such iron had hitherto been made, but by using 
‘the pure ores of Cumberland and North Lancashire 
and by importing similar ores from Bilbao an iron 
was produced from which steel was made by blowing 
air through it in a molten state. But this was not what 
Bessemer set out to do which was to produce an iron 
low in carbon. The article he had produced was steel 
with °5 per cent. or more of carbon, and when he tried 
to remove this carbon he found that he got some of the 
iron oxidized, which spoilt the metal. There is not 
much doubt that if the process had stopped at this 
point Bessemer’s great invention would have been almost 
a failure, but at this juncture R. F. Mushet seeing that 
as it stood the process could not succeed, tried the use 
of Manganese in the form of Spiegeleisen after all the 
carbon was burnt out for the purpose of recarbonising 
the charge. This succeeded, and the result was that, 
by the use of Spiegeleisen and subsequently of ferro- 
manganese, steel was obtained containing any required 
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percentage of carbon. The product was called mild 
or soft steel because it was impossible to describe one 
cast as steel and another as iron from the same furnace 
when the only difference between them was a fraction 
of one per cent. of carbon. 

The object which Bessemer had set out to attain 
was now by the aid of Mushet’s patent completely 
accomplished, and the result was a great change in the 
manufacture of iron and steel. The product of the 
Bessemer converter was of so much better quality, 
stronger, more homogeneous, more uniform and quite 
free from slag, and was also obtained at a less cost in 
less time and in larger quantity than the product of 
the puddling furnace that it quickly superseded the 
Jatter in all the heavy trades. First the rail trade, then 
the plate trade for shipbuilding and boilers, and the bar, 
angle and girder trades succumbed to the new process, 
and the manufacture of malleable iron declined to the 
humble position which it now occupies. It has been 
pointed out that the essential feature of Bessemer’s 
great invention is the burning of the impurities out 
of the iron used, by blowing cold air through it whilst 
it isin a molten state. Although at first sight it appears 
anomalous that blowing cold air into red-hot metal 
should make that metal considerably hotter, viz., 
white hot, it will be seen on consideration to be quite 
simple because the combustion takes place inside the 
mass itself, and therefore the heat developed acts 
directly on it. 

The impurities burnt out are silicon, carbon, man- 
ganese, and a small portion of the iron itself. The 
temperature of the molten iron may be taken at 1,200 
to 1,400°C. and of the blown metal at 1,900 to 2,000°C. 

With the introduction of the new process came an 
enormous development of new plant, calling for the 
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highest skill of the engineer for its design and manu- 
facture. To mention the plant as nearly as possible 
in the order of its use in the process, we have the cupolas, 
converters, casting crane, ingot crane, hydraulic pumps 
and blowing engines. The cupolas were required for 
melting the various selected pig irons to form the charge. 
This was run down spouts into the converter, which 
at first was a fixed vessel not unlike the cupola itself. 
The tuyeres through which the air was to be introduced 
into the bath of molten iron were placed round the sides 
near the bottom, but this converter was soon replaced by 
a tilting one. This type had many and obvious advan- 
tages, as it was easy to put into it the charge of iron and to 
take out the charge of finished steel. Also there were no 
troublesome tapping-holes requiring to be opened and 
closed every cast, that is about every half-hour. Another 
important point was that the air blown in at the sides 
only reached the portions of the metal adjacent thereto, 
and it was found necessary in order to reach the whole 
mass to blow right through the bottom. This involved 
changing the whole of the bottom every time the tuyeres 
were worn out, and led to the bottom section of the 
converter being made loose. Tilting considerably 
expedited the process of changing. Other and equally 
important advantages were derived ffom tilting, perhaps 
the most important being that the metal could lie in the 
belly of the converter and the iron be kept quite clear 
of the tuyere holes, until everything was ready to 
commence the blow. Then the blast was turned on 
and the vessel slowly rotated to a vertical position, 
thus bringing the bath over the tuyeres and the air 
penetrating through the whole body of iron. If any- 
thing went wrong, by turning the vessel down again the 
operation could with perfect ease be arrested, and 
resumed again at the will of the “ Blower.” As a 
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five ton converter, when lined and charged, weighed 
some fifty tons it was necessary to provide powerful 
machinery to tilt it and the most satisfactory means 
was found in the use of a rack and pinion actuated by 
hydraulic pressure, Powerful centre cranes for carrying 
the ladles into which the finished steel was poured from 
the converter, and ingot cranes for fixing the ingot 
moulds around the semicircular casting pit then 
usually adopted, and for removing the ingots when cast 
were also actuated hydraulically. Last but not least 
entirely new conditions were imposed on the blowing 
engines, which were now required to work at a pressure 
of twenty-five to twenty-eight pounds for the Bessemer 
instead of five pounds for the blast furnace practice. 
Thus an enormous field of work was opened up for 
engineers in providing entirely new types of machinery 
for the new process, and in the enlarging and strength- 
ening of the rolling-mill plants to deal with larger 
units of metal much harder to foll, and in vastly greater 
quantities than had previously been required. In those 
days the iron, to form the charge in the converter, had 
to be melted from pig iron, and both cupolas and con- 
verters required a lining of gannister in lumps with 
ground gannister as a mortar for the joints, and for 
lining the ladles. This opened out a period of prosperity 
for land and quarry-owners having suitable stone for 
the purpose, and it may be of interest to add that no 
better gannister has been found for the purpose than 
that in the neighbourhood of Sheffield where Bessemer 
built his first works. 

Many other departments of industry were directly 
and beneficially affected, but sufficient has been said 
to indicate the wide-spreading results of Bessemer’s 
epoch-making invention. 

When the Basic Bessemer process came in, other 
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special plant for burning the dolomite, crushers and 
mills for crushing and grinding it into a stiff paste 
mixed with tar, hydraulic presses for forming this into 
bricks and various other machinery called for the skill 
of the engineer. ; 

The most recent improvements in Bessemer plant 
may here be referred to. The lower portion of the 
converter is now made more cylindrical and the bath 
more shallow, the latter being only 18 to 20 inches 
deep, as compared with 28 to 30 inches formerly. This 
requires less pressure of blast and the loss of metal is 
reduced. The bottom of the converter is now 70 inches 
wide, and the tuyeres are increased from 100 to 127 
without reduction of the diameter. In the newest 
form at the Jiinckerather Gewerkschaft, in Germany, 
the height is 224 feet, internal diameter at wind chest 
74 feet, maximum diameter 10} feet, weight 70 tons, 
and with lining 180 tons, charge 30 tons. The old 
mixers of 150 tons capacity are replaced by mixers of 
up to 750 tons capacity with cylindrical rollers and 
operated by electricity. The iron is hauled by electric 
locomotives from the blast furnace to the mixer and 
from the mixer to the steel furnace, a tilting motor being 
carried on the same truck. Increased output is made 
possible by the greater durability of the linings, especially 
of the loose bottoms which now average a life of 280 
charges, whereas needle bottoms only last sixty to 
sixty-five charges and tuyere bottoms ninety-five charges. 

Bessemer did not, however, succeed in making steel 
in the converter from pig iron containing phosphorus, 
and as the demand for mild steel grew it became clear 
that the manufacture was limited by the supply of 
non-phosphoric ores. Few of the ores of Great Britain 
and only a small proportion of those of the world are 
non-phosphoric, and the great problem of how to use 
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the process for making steel from phosphoric ores was 
attacked by the greatest minds interested in the iron 
trade in Europe and America. Mr. G. J. Snelus dis- 
covered that if the converter were lined with a basic 
material such as lime the phosphorus was removed, but 
he failed to carry his ideas into practice. The solution 
came from a most unexpected quarter. Mr. Sidney 
Gilchrist Thomas, Clerk to the Magistrate at the Thames 
Police Court, took up the study of chemistry as a hobby, 
and at one of the evening classes which he attended 
the teacher referred to the problem which was exer- 
cising the brains of the ironmasters of the world. Mr. 
Thomas determined to try and solve it. He made many 
experiments in which he was aided by his cousin, Mr. 
P. C. Gilchrist, who was a chemist at the Blaenavon works 
in South Wales, and the result of their labours was laid 
before the Iron and Steel Institute in a paper read in 
1878. The d fficulty they had to overcome was how 
to make a lining of basic material for the converter 
which would stand. Snelus had tried lime and magnesia 
with clay and oxide of iron and had failed. They suc- 
ceeded by using dolomite, first in blocks and subse- 
quently burnt in bricks, with clay to give adhesion. 
When the lining was tried in a five-ton converter at the 
works of Messrs. Bolckow Vaughan & Co., at Middles- 
brough, the charge was blown until all the carbon had 
gone, when it was found that dephosphorisation was 
not complete. Mr. J. E. Stead suggested “ after- 
blowing,” that is, continuing the blowing after the 
carbon had gone. After some hesitation, because an 
explosion was feared, the blowing was continued with 
complete success. Thus was the Bessemer process of 
steel-making completed by a student of chemistry, who 
had no practical experience whatever of the making of 
iron. The story is one of the romances of the ircn trade. 
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A recent writer intimately associated with the tran- 
sition period from iron to steel has stated that the 
substitution of the Bessemer process for refining pig 
iron had resulted in a saving of 60 per cent. in the cost, 
and what was equally important it had made 100 tons 
of coal go as far as 400 tons did in the days of puddling. 

The Bessemer process has seen its best days. Before 
many years are over it will probably be regarded as an 
old-fashioned and inefficient method, if it be not quite 
obsolete, but it can never be forgotten as one of the 
great discoveries in iron-making, marking the passing 
of the age of iron and the inauguration of that of steel. 


CHAPTER V 
THE SIEMENS-MARTIN OPEN HEARTH PROCESS 


WHILE the Bessemer process was being perfected, 
another process which has already largely superseded 
it and will probably in the end quite prevail, was being 
discovered. In 1827 Robert Stirling invented an 
apparatus in connection with heat engines for storing 
and restoring heat. It was simply a passage through 
which air or gas could travel in either direction, the walls 
of which had a great capacity for heat, so that heat 
could be alternatively given to or taken from them by the 
air or gas passing through. In 1856 Friedrich Siemens 
applied this principle to a furnace. The hot gases from 
the furnace were passed through a regenerator in the 
form of a chamber stacked with loose bricks, which 
absorbed the heat, and when the bricks were hot the 
gases were turned off into another similar chamber, and 
the air going into the furnace passed through the hot 
chamber which gave up its heat to the air, the currents 
through the chambers being reversed at regular intervals. 
A few years later Sir William Siemens invented the gas- 
producer by which the solid fuel was treated in a speci- 
ally contrived apparatus—the gas producer—and the 
resultant gases used to heat the furnace. In 1861 the 
regenerative furnace using gaseous fuel was used for 
melting glass, and its application to other industrial pro- 
cesses requiring great heat followed as a matter of course. 
The first application of the regenerative principle to the 
manufacture of iron was in the heating of the blast of a 
blast furnace, it was next used with gaseous fuel for 
melting steel in crucibles, and in_1867 Sir William 
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Siemens succeeded in employing it in the manufacture of 
steel from pig iron with ore in the open hearth furnace. 
M. Martin used scrap iron, or steel, instead of ore, and 
the process is known as the Siemens-Martin process, 
though strictly when ore is used it should be called the 
Siemens process, and when scrap alone is used the 
Martin process. The process itself is the same as that 
used by J. M. Heath about 1844, viz., melting wrought 
iron and pig iron together to form steel. The method 
failed at the time because of the lack of sufficient heat. 
The regenerative furnace provided this and the process 
at once became a success. The furnace was made to 
use only Hematite pig iron and very pure ore or scrap, 
and the interior of the furnace was necessarily of highly 
silicious material, but after the success of the Thomas 
Gilchrist process in the Bessemer converter endeavours 
were made to apply the same principles to the Siemens 
process. After much difficulty these efforts were suc- 
cessful and the Basic Open Hearth process has taken its 
place among the leading methods of steel-making of 
modern times. 

The application of the regenerative principle in the 
Siemens furnace may be briefly described. Gaseous 
fuel is made in a producer by burning coal with a 
limited supply of air, so that carbon monoxide and not 
carbon dioxide is formed, and at the same time steam 
is blown over the incandescent coal and decomposed, 
and the proportion of carbon monoxide in the resulting 
gas is thereby largely increased, while the hydrogen 
greatly enhances the calorific power of the gas and 
moreover adds to its inflammability. This hot gas is 
passed through a chamber of chequered brickwork, 
called the regenerator chamber, which has been pre- 
viously heated and the heat of the gas is greatly in- 
creased. Air is passed through a similar chamber 
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and heated to a high temperature, and the hot air and 
hot gas come together in the furnace when combustion 
at once takes place. The products of combustion 
pass out of the furnace at a very high temperature and 
are drawn through two chambers of chequered brick- 
work exactly similar to the two which the gas and air 
had passed through to the furnace. The heat in the 
now inert gas passes into the bricks of the chequer 
work, and then the passage of the gases is reversed by 
means of valves, the air and producer gas going through 
the now heated chambers and the exhausted gas going 
through the chambers which had been cooled by giving 
up their heat to the air and producer gas. 


CHAPTER VI 
THE ELECTRIC FURNACE 


THE last development in steel-making is the electric 
furnace, the earliest form of which owes its origin to 
Sir William Siemens who, in 1878, patented an electric 
arc furnace. This furnace consisted of a closed vessel 
with a carbon rod fitted into the bottom projecting into 
the interior and connected with the positive pole of 
a dynamo or other electric generator. A second carbon 
rod was passed through the cover of the vessel and con- 
nected with the negative pole of the generator. The 
fragments of metal to be melted were placed near the 
positive pole in the vessel, and the current passing from 
the positive pole through the metal leaped to the nega- 
tive pole, the arc being automatically regulated by a 
familiar electrical device. In 1880 Borchers introduced 
his resistance furnace in which a thin carbon rod was 
placed in line between two thick ones, and this becoming 
incandescent when the current passed imparted heat to 
the substance to be melted. Subsequently the principle 
of induction was applied and modern electric furnaces 
embrace all these types. The greatest advantage of 
the electric furnace is the high temperature which it 
develops. In the blast furnace the temperature may 
reach 1,200°C., and in the open hearth steel furnace 
nearly 3,500°C. 

The place which the electric furnace will occupy in 
the metallurgy of iron is not yet fixed. Until quite 
recently two furnaces only, one in Norway and one in 
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California, were producing iron from the ore, and these 
only on a very small scale. Three furnaces are em- 
ployed at Dommeldingen, in Germany, in converting 
pig iron into steel. The remaining electric furnaces in 
operation, probably seventy to eighty in number, are 
employed in refining or purifying steel. 

In his Presidential Address to the Institute of Elec- 
trical Engineers on November 10th, 1910, Mr. S. Z. 
Ferranti referred to the question of the electric smelting 
of iron, and stated that with electric current at ;;d. 
per B.T. unit iron could be made as cheaply in the 
electric as in the blast furnace. From this it would 
appear that if the coal at the pit mouth could be con- 
verted into electricity on a large scale, and therefore 
cheaply, and conveyed without material loss to the ore 
and limestone, iron could be produced at a lower cost 
than in the blast furnace, It is this problem of cheap 
current and safe transmission which has to be solved, 
and when that is accomplished the blast furnace will 
gradually pass into the list of obsolete and antique 
things as the Catalan forge has already done. 

But whether the electric furnace for smelting ore 
ever becomes practical on a large scale or not it will 
certainly be used, as it is at present, for the production 
of high-class steel from common materials such as 
Bessemer or Siemens steel, which will compete with 
crucible steel made from the best Swedish bars. It 
is also possible that it may be used for producing in 
quantity a steel midway in quality between crucible 
and open hearth steel; but the doubt as to this lies 
in the fact that very high quality steel can now be 
made in the ordinary open hearth furnace and with 
improved practice and larger experience it is possible 
that the quality may be brought much nearer that 
of crucible steel than it has hitherto been and 
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at a cost much below that of steel from the electric 
furnace. 

Whenever steel of special quality is required in small 
quantities the electric furnace will be found in all 
probability to be the most suitable and the cheapest 
apparatus for its production. 


THE PROCESSES AND PLANT USED 
IN IRON AND STEEL-MAKING 


CHAPTER VII 
THE BLAST FURNACE 


THE most economical instrument for extracting iron 
from its ore is the blast furnace. Evolved from the 
earlier forms of Catalan forge and Stiickofen it has 
reached a point of efficiency which it will be difficult to 
exceed. The earliest furnaces were open-topped, the 
flame streaming out into the air and lighting up the 
country all round. They were usually built by the side 
of a hill from which a gangway was mide level with the 
top of the furnace along which the material was wheeled 
and tipped in. They were 35 to 40 feet high. A 
furnace in 1788 produced about 154 tons of iron per 
week, and this output in 1796 had increased to 20 tons, 
in 1827 to 35 tons, in 1835 to 70 tons, in 1845 to 120 
tons, in 1855 to 220 tons, in 1865 to 450 to 550 tons. 
To-day a Cleveland furnace will make 1,300 to 1,400 tons 
of Cleveland iron per week, and an American furnace 
producing hematite iron about 4,000 tons per week. In 
1836 the attempt to utilise the gases escaping from the 
open-top brought about the change to the close-topped 
furnace. Up to about the end of the sixties the manu- 
facture of iron in the blast furnace had been carried on 
almost by rule of thumb, reliance being placed on 
practical experience with very little theoretical know- 
ledge About this time Sir Lowthian Bell, who as a 
man of scientific training as well as a practical iron- 
master was especially qualified for the task, undertook 


44 


THE BLAST FURNACE 45 
~“ 


an enquiry into the chemical action which takes place in 
a blast furnace, the results of which were published in 
1872 in his work on the Chemical Phenomena of Iron 
Smelting. This work is still the standard book on the 
subject, and it laid the foundation of all the scientific 
research which has subsequently been made into the 
facts of iron-making. The modern blast furnace has 
been evolved by combining the practical experience of 
the ironmaster with the scientific knowledge of the 
chemist and metallurgist and has probably reached its 
utmost development. 

A section of a modern Cleveland furnace is here 
shown. A blast furnace and its functions can best 
be described by dividing it into three main parts, viz., 
the well, the bosh, and the stack. The well, as its name 
indicates, is at the bottom of the furnace and its function 
is to hold the slag and metal in the molten state. It is 
from 12 to 15 feet diameter inside and about 8 feet 
6 inches deep. The walls are of the very best firebrick 
and are from 2 to 3 feet thick, they are often strength- 
ened by means of heavy cast-iron jacket plates made 
in segments and bolted together round the outside of the 
brickwork. The bottom of the well—and therefore of 
the furnace—is called the hearth, and is formed of fire- 
bricks 3 or 4 feet in thickness. The “ tapping-hole,” 
through which the molten iron is let out of the furnace, is 
at the level of the hearth, and is a rectangular opening 
about 6 inches wide and 12 inches deep through the wall 
of the well. Near the top of the well are the tuyeres or. 
nozzles, through which the hot blast passes, which may be 
eight to twelve in number and are arranged evenly 
round the furnace. These project into the furnace 
and have an annular space outside the blast passage 
through which cold water is circulated for cooling them. 
About two feet below the tuyeres is the “ slag notch.” 
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This is an opening in the wall of the well through which 
the slag, which is lighter than the iron and therefore 
floats on the top of it, is run out into ladles. When the 
iron reaches nearly to the top of the slag notch the 
furnace is tapped. 

Immediately above the well 1s the bosh, or melting 
zone of the furnace. This is conical in form, sloping 
outward from the top of the well until a diameter of 
up to 20 feet is attained at the bottom of the stack, 
which is some 12 or 15 feet above the well. The walls 
of the bosh are of best fire-brick and vary according to 
the particular requirements and mode of working of 
the furnace. The brickwork is usually supported by 
an outer shell of boiler plates, and this is sometimes 
kept cool by water circulating in pipes round it and 
spraying it through small holes. Around the well 
outside are eight to twelve massive columns which 
support the entablature or base upon which the stack 
and its steel casing rest. The stack is the upper part 
of the furnace above the bosh. The interior is brick- 
work 3 or 4 feet thick, the inside diameter starting 
at the bottom at about 20 feet narrows to 15 or 16 feet 
at the throat where the charging hopper is placed 
centrally at the top of the furnace. The charging 
hopper is in the form of a truncated cone, apex down- 
ward, and the “ bell” also a cone but with apex upward, 
fits into the downward open apex of the hopper, thus 
closing the top. The hopper is made of cast-iron plates 
bolted together, the bell usually of mild steel plates. 
The bell is suspended from the apex by a chain attached 
to a beam carried on bearings and having at its 
other end a weight to balance the weight of the bell. 
The bell is usually brought up tight to the hopper by a 
hand-winch. 

Directly under the hopper, around the throat of the 
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furnace, are the gas outlets, one or more. These carry 
the gas produced in the furnace down in large tubes 
to the gas main, and immediately outside the furnace 
these tubes, or downcomers, are furnished with gas 
explosion valves. The outer casing of the stack is of 
steel plates and runs from the top of the bosh to the 
top of the furnace where the top platform is rivetted on 
gusset-plates to it. This platform is connected to the 
hoist by built-up girders secured to the framework of 
the hoist and the furnace shell, and where several 
furnaces are worked together it may be connected in 
the same way to another furnace. 

The columns carrying the furnace stack also support 
the “‘ horse-shoe main,” which is the tube, made of 
steel, and lined with firebrick through which the hot 
blast passes from the stoves to the furnace. 

The blowing engines are usually driven by steam, 
but in some modern works large gas, turbine and elec- 
trical engines are used. The pressure at which the 
blast enters the furnaces is in works in Great Britain 
from four to twelve pounds per square inch and in 
America up to eleven or fifteen pounds. Every furnace 
should have its own blowing engine, but except in 
modern works the practice in this country is to blow 
several furnaces from a common main. In America 
furnaces are generally driven separately, and the same 
practice applies in Germany. The advantage of separate 
blowing 1s that the pressure can be made to suit the 
working of the furnace, whereas on a common main 
one furnace may be working well and another badly, 
but the extra pressure which would help the one would 
drive the other too hard and so cannot be applied. 

The air passes from the blowing engine to the heating 
stoves, which are in groups, one stove heating the blast 
while the others are being heated by the gas. A section 
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of a Cowper stove is shown on p. 50. It consists of 
an upright round chamber 60 to 100 feet high and 20 
to 26 feet diameter, with an outer casing and dome of 
steel plates, and an inner double wall of firebrick. The 
interior is divided up as shown in the plan and section. 
The blast furnace gas is turned into the stove through the 
gas flue, air being passed in through the air inlet. These 
meet in the combustion chamber. Combustion takes 
place, and the resulting hot gases pass over the top of 
the combustion chamber into and down the chequered 
brickwork, giving off heat to the bricks and then 
passing to the chimney. When the brickwork has 
got thoroughly hot the gas and air are turned off and 
the blast from the blowing engines is turned on through 
the cold air pipe. It is forced through the hot 
chequered brickwork and down the combustion chamber 
and leaves the stove at a temperature of 1,100° to 
1,500°F. by the hot blast pipe, whence it goes direct 
to the horse-shoe main, When the brickwork has 
become partially cooled by the blast passing through it 
the valves are changed and the hot gas and air are 
again passed through, and so on continuously changing 
to hot gas or cold air. It is usual to run the blast 
through a stove for about an hour. 

The gases passing out of the furnace into the down- 
comer are conveyed through dust-catchers where some 
of the dust which they carry is deposited. The dust is 
objectionable because in passing through the stoves 
it chokes up the passages. When the gas is used for 
driving gas engines it has to be cleaned until it is free 
from dust which, if left in would destroy the surface 
of the cylinders and choke the valves. Cleaning the 
gas is the great difficulty in the way of using it in gas 
engines. Many patents have been taken out for this 
purpose, and: some have proved very effective, so that, 
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in Germany especially, gas engines of great power 
driven by blast furnace gas have been erected. In 
England less use has been made of such gas engines 
partly because owing to cheaper fuel being obtainable 
here, the saving would not be so great as it is in Germany, 
and partly because there has been less erection of new 
plant here than in Germatiy. 

The arrangement for charging the furnace by filling 
the material into barrows, taking these to the top of 
the furnace on a hoist and tipping the contents into the 
bell, is being replaced by devices for filling, hoisting, 
and tipping the material automatically so that less 
labour is required and the furnace gases are not allowed 
to escape into the open air when the bell is lowered. The 
usual device is to have the materials tipped into a hopper 
below the ground level from which they are caught up 
by buckets on a conveyer working on an inclined plane 
up to the top of the furnace, where they are tipped into 
a receiver. This receiver is over the top of the furnace, 
and by an arrangement worked from the ground it 
drops the material into a second chamber from whence 
it passes into the furnace. The necessity of mechanical 
charging of furnaces arose in the United States owing 
to the ore smelting so easily that the furnaces could not 
be kept full with charging by hand. When mechanical 
charging was instituted the furnaces worked badly and 
the cause of this was found to be irregular distribution 
of the charge. The difficulty of the mechanical charging 
has been to get rid of this irregularity, and the number 
' of devices to effect this is legion. If the furnace is to 
work properly the ore, coke, and limestone must be 
evenly and intimately mixed and this is a very difficult 
thing to accomplish with mechanical charging. 

In the manufacture of iron from the Cleveland iron- 
stone it is necessary to roast the stone before using it 
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in the blast furnace. This is done in kilns of a special 
construction which were invented by the late Mr. John 
Gjers, and a section of one of these is given. These 
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GJERS’ CALCINING KILN 


are formed of a cylindrical shell of steel plates from 
20 to 30 feet in diameter lined with fire-brick about 
18 inches thick. The bottom of the kiln is in the form 
of a cone made of cast-iron plates with the apex upward 
in the centre of the kiln. A fire is lighted and 
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proportionate quantities of coal and iron-stone are alter- 
nately filled until the kiln is full. As the stone is roasted 
it is withdrawn through the doors at the base of the 
internal cone, fresh iron-stone and coal being supplied 
to take the place of that withdrawn, and the process 
going on continuously. It has been found advantageous 
to calcine the limestone along with the iron-stone, and 
the two materials are tipped into the same kiln from the 
tailway trucks which are run on a gantry over the top 
of the kilns. The object of the cone in the kiln is to 
force the material through the doors when they are 
opened so that it falls automatically into the barrows. 

The effect of calcining the iron-stone is to eliminate 
moisture and to convert the carbonate of iron into 
peroxide, thereby greatly reducing the quantity of 
material to be dealt with in the blast furnace. One 
hundred tons of stone are thus reduced to a little over 
seventy tons, the iron is changed into a form which is 
more easily reduced and this at a very trifling cost. 
The coke is brought by rail and the trucks are taken 
by hoists, or by an inclined plane, to the top of the 
bunkers which are large hoppers with sliding doors 
underneath to allow the coke to be emptied into barrows. 
The railway trucks empty their burden of coke auto- 
matically into the bunkers. The coke-barrow is put 
under the door at the bottom of the bunker, the slide 
is drawn, the coke falls into the barrow, the door is 
shut and the barrow wheeled to the hoist where, in 
company with barrows of iron-stone, it is passed over a 
weighbridge and the weight made up to the exact 
quantity of the standard. It is then taken up the fur- 
nace hoist, which usually consists of two cages travelling 
vertically in a guiding framework and connected by 
a rope passing over a pulley at the top so that the 
descending cage with its empty barrows assists to pull 
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up the ascending cage and full barrows. The engine 
working the hoist has thus only to lift the weight of 
the material in the barrows. ° 

A large quantity of water is used at the furnaces for 
cooling purposes and also for condensing steam, and to 
cool the water thus used, large cooling towers are em- 
ployed in which the water is run in thin films over 
wooden laths. Pumps are employed to pump the water 
from the reservoir into which it runs from the cooling 
towers to the tuyeres, engines and condensers. 

The products of the blast furnace are pig iron, slag and 
gas. As the ore is reduced the molten iron falls to the 
bottom of the furnace and accumulates on the hearth. 
The slag collects on the top of it and is run off at the 
“slag notch” into ladles and carried away as waste 
material except such small proporton of it as is required 
for making slag bricks, slag cement, flags for paths, 
imitation stone and other similar things for which it is 
now used. The iron is tapped three or four times every 
twenty-four hours through the tapping-hole which opens 
into the hearth and is closed by a plug of clay which has 
to be cut through at each tapping. The iron runs out 
along a channel made in the sand into the pig bed. The 
pig bed is a large bed of sand close to the, furnace 
which slopes gently away from it. Depressions are 
made in the sand with a wooden pattern to form the 
mould for the iron to run into and form pigs. Rows 
of pig moulds are made across the bed, and across the 
ends of the rows a channel is cut which is easily con- 
nected with the main runner from the furnace. The 
iron from the furnace runs first to the farther part of 
the bed along the main channel or runner, it there turns 
into the channel between the pig moulds and runs to 
the end of that and then into the pig moulds. When 
all the pig moulds in that channel are filled, an opening 
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is made into the next channel between the next two 
sets of pig moulds and the iron flows into that, the 
passage to the farther channel being blocked by an iron 
spade called a “shutter,” and so on until all the iron 
has run out. 

The iron in the main channel from the furnace is 
called a runner, and that from the secondary channel 
between the pigs is called a sow. 

When the iron on the beds has quite set but is still 
hot the pigs are broken off the sows with heavy hammers 
and the sows and runners are broken into convenient 
pieces for handling. The pigs weigh a little over a 
hundredweight each. 

The quality of the iron is ascertained by breaking 
several pigs in each bed, the appearance of the fracture 
indicating the quality. In the best iron the crystals 
are large and the grain open, and as the quality falls 
the grain is closer and the crystals smaller until in white 
iron the fracture is almost smooth. The only exception 
is when an excess of silicon in the iron causes it to glaze 
so that the fracture looks rather like that of white 
iron, though it is really, save for silicon, better than 
No. 1. In the case of Cleveland iron the qualities 
usually graded are numbers one, three, four foundry, 
four forge, mottled and white. No. 2 is seldom selected. 
No. 3 is the standard grade for foundry purposes and 
No. 4 forge for the puddling furnace. Hematite iron 
is graded in numbers one, two, and three, which are 
usually sold in equal proportions as “‘ mixed numbers.”’ 
No. 4, mottled and white, are made in comparatively 
small quantities. Other districts grade on similar lines 
but making more grades for the qualities which are 
most in demand. Thus, in the Midlands there are eight 
grades, from one to eight, and in America no less than 
ten qualities are graded. In America, and also to a 
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less extent in Germany, the quality is ascertained by 
analysis for silicon, sulphur and combined carbon. 
This involves taking an analysis of every cast of iron and 
probably making two or three tests for each cast, and 
although the method is more certain and exact than 
grading by fracture it is not always necessary. When 
iron is made from the same quality of ore, coke and 
limestone in the same furnace the fracture is a reliable 
indication of the quality when the iron is cooled under 
the same conditions. For this reason the ironmasters 
of Cleveland have hitherto declined to sell thew iron 
on the basis of analysis. It is probable, however, that 
as more scientific methods come into use in the foundries 
more exact knowledge ot the composition of the iron 
put into the cupola will be required and the pig iron 
makers will then have to guarantee the analysis within 
limits. In the case of Cleveland iron this would pro- 
bably only be required for silicon because the sulphur, 
combined carbon and manganese vary within very small 
limits. In the case of silicon the variation is large, 
good No. 3 being made containing less than 1°75 per 
cent. and also with up to 4 per cent., above which the 
iron glazes. It would not be a difficult matter to make 
a test for silicon on each cast, but it would involve 
keeping a more varied stock, and this might be a 
difficulty at some works. 

When blast furnaces are worked in connection with 
steel plant the iron is not sent down the pig beds but 
is run into large brick-lined ladles which are emptied 
into the metal mixer. Metal mixers were originally 
built with the object of giving a more uniform quality 
of iron for the steel furnaces than was obtainable by 
taking the iron direct from the blast furnaces, They 
are now used also to eliminate some of the silicon and 
sulphur in the iron and thus do part of the work which 
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previously had to be done in the steel furnace. For 
this purpose they have to be heated by gas, and as scrap, 
iron ore and limestone are put in to assist the operations 
they are really in the nature of a furnace for prelim- 
inary treatment of the iron. From the metal mixer 
the iron is poured into a ladle which transfers it to the 
steel furnace. 


STEEL FURNACES AND 
PROCESSES 


CHAPTER VIII 
THE ACID OPEN HEARTH PROCESS 


THE furnace is built of silica bricks and the bottom 
plates, which are of thick iron, are covered with two 
courses of bricks of the same kind. The bottom is 
made of sand and this is burnt in in layers. When the 
bottom is finished and formed to the right saucer-like 
shape with a slope towards the middle of the back where 
the tap-hole is made, a last layer of slag is burnt in. 
The furnace is then heated and the tap-hole having 
been closed with clay the charge is intrcduced. The 
bottom is covered with pig iron and then scrap is put in 
on the top ; where molten iron is used the scrap is gen- 
erally put in first. When this is melted a sample is 
drawn and the “first hand” gauges the carbon. Ore is 
then thrown in to oxidise the excess of carbon, for at 
this stage all the silicon will have been eliminated, and 
when the carbon in the bath is low enough the tap-hole 
is opened and the metal and slag are run into a ladle 
big enough to hold the whole charge. 


THE BASIC OPEN HEARTH PROCESS 


The furnace in this process is built of silica bricks 
which do not come in contact with the metal and of 
magnesite bricks for the parts which the metal covers, 
with a neutral (usually chrome) brick between. The 
bottom and sides of the hearth to the level of the fore- 
plate, that is, the bottom of the charging doors, are of 
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magnesite ; above this is a course of neutral bricks 
and above this the silica bricks. As in the acid furnace 
the bottom is burnt in layer by layer, but in this case 
the materials are different. The first layers consist 
of fine basic slag and burnt dolomite (CaCO3 MgCO,). 
The amount of slag is gradually diminished and 
finally only dolomite is used. In some cases the bottom 
is made by ramming a mixture of ground dolomite 
and hot tar with red-hot rammers, but this does not 
give such a dense bank. A tap-hole is cut out, and when 
the furnace is ready to charge this is closed with a mixture 
of ground dolomite and fine anthracite coal, rammed 
tight. Then the necessary quantities of limestone and 
iron ore are put in either by hand or machine, and next 
the metal from the mixer is poured in. In a few hours 
the ore and limestone have melted and a sample is 
drawn and tested. The quantity of ore required is 
estimated from the test, and this is thrown in gradually 
together with lime, fluor spar and blacksmith’s or mill 
scale (oxide of iron) to keep the slag basic and of the 
right composition. The oxygen in these materials 
removes the carbon and enables the slag to take up the 
phosphorus and sulphur. In this process the slag plays 
a much more important part than in the acid pro- 
cess. Samples are drawn at intervals and analysed, 
and when the metal is of the quality required and the 
slag of the right composition the temperature of the 
bath is taken. This is done by thrusting a long iron 
bar into the bath and moving it from side to side slowly 
for about half a minute. From the condition of the 
burnt-off end when it is drawn out the foreman of the 
furnace, or sample-passer as he is called, knows if the 
metal is hot enough to tap. To tap the furnace a long 
steel bar about 1} inches in diameter is driven up the 
tap-hole from the back; as soon as itis right through 
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into the furnace it is knocked out. The molten steel 
follows it out and runs down a chute or lander into a 
ladle. If the carbon in the steel is not high enough, 
ca bon in the form of fine anthracite coal is put into the 
ladle just before tapping. While the steel is running 
into the ladle ferro manganese, and if necessary, ferro 
silicon are added. This quietens the metal in the ladle, 
helps the formation of sound ingots, and provides the 
requisite quantity of manganese and silicon in the steel. 
All the steel and slag runs into the ladle, the surplus slag, 
which the ladle will not hold, running over the lip of the 
ladle into pans placed in the casting pit. As soon as 
the furnace is empty the stoppers of the holes in the bot- 
tom of the ladle are raised and the metal runs out 
through these holes, which are about 14 inches in dia- 
meter, into the ingot moulds. As the moulds are being 
filled small pieces of aluminium are thrown in from time 
to time. This is done for the purpose of preventing blow 
holes which are caused by gases dissolved in the steel 
while it is molten, but which separate out when it solidi- 
fies. The aluminium is supposed to render the steel 
incapable of retaining the gases. The ingots are allowed 
to stand for about half an hour, and the moulds are then 
stripped from them. ~ 

There are various modifications of the plant of the 
open hearth process which should be referred to. The 
principal of these are the Bertrand-Thiel process and 
the Talbot process. In the former two furnaces are 
used, one called the primary and the other the secondary 
furnace. The charge is put into the primary furnace 
and worked at a comparatively low heat and the phos- 
phorus and silicon are Jargely removed. It is then 
poured into the secondary furnace in which the ore or 
scrap has been previously placed and heated and the 
charge worked again. The furnaces are not fixed but 
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made to tilt by means of rollers or rockers, and thus the 
liquid metal is easily poured from the primary to the 
secondary furnace. The advantage claimed for the 
system is a larger output at a cheaper cost and less 
slag. The Talbot furnace is a large tilting furnace 
which, while working, is never completely emptied. 
When the furnace is tapped only about a third of the 
steel is drawn off and immediately fresh additions of 
metal ore and limestone are made to the charge, so that 
the furnace is constantly being partially emptied and 
refilled. The principal advantages claimed for this 
furnace are that it gives a greater yield and larger 
output, a more regular supply of ingots, a reduced cost 
of repairs and cheaper labour than the ordinary fixed 
furnace. There are a number of works in this country 
using this furnace. 

These systems have met with a considerable amount 
of success, but time alone will show whether they can 
compete successfully with the simple open hearth 
furnace by which such excellent results are obtained 
both in quantity and quality. 

The Bessemer plant and process, both acid and basic, 
have already been sufficiently referred to. 


COMPARISON OF THE FOUR STEEL PROCESSES 


The relative merits of the Bessemer, acid and basic, 
and the open hearth, acid and basic, processes may be 
very generally indicated. The Bessemer, as the earlier 
process, has been longer established and a great deal 
of capital has been sunk in plant at various places 
for carrying it on. Therefore, so long as a. profit can 
be made in working it the process will survive, but no 
one putting down new plant 4n Great Britain to-day 
would adopt it, so that its disappearance is only a question 
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of time. The Bessemer process has one advantage 
over that of Siemens in the largeness of output, due 
to the rapidity of working. But the yield per ton of 
iron is not so great, and the steel is not so reliable 
in quality. Specifications cannot be worked to so 
closely because the steel is more irregular, and this 
is the great drawback to the Bessemer process. In 
these days of high-class material with great regu- 
larity of quality, and exact specification of chemical 
composition, the steel which is irregular and uncertain 
in quality is at a great disadvantage compared with 
that which can be produced exactly and uniformly to 
fulfil given conditions. 

The basic Bessemer has all the disadvantages of the 
acid Bessemer process as to quality with the one great 
advantage that a cheap iron containing phosphorus 
can be used, and the slag obtained is consequently of 
considerable value as a manure. But in order to obtain 
the richest slag it is necessary to use iron with 2 per 
cent. and upwards of phosphorus, and in Great Britain 
this is a very scarce article. To obtain it the burden 
of the blast furnace has to be enriched in phosphorus by 
using puddler’s tap, the slag from the puddling furnaces, 
which was found in heaps wherever puddling had been 
carried on. These heaps have now been almost ex- 
hausted, and only the cinder from the puddling furnaces 
now working is therefore available. The greater part 
of the common iron made in this country does not 
contain sufficient phosphorus to be used advantage- 
ously in the basic Bessemer process and therefore this 
process has not been largely installed. 

The open hearth acid process turns out a much 
smaller quantity of steel than the Bessemer and is more 
costly to work, but it allows of the use of scrap in large 
quantities, the consumption of iron per ton of steel is 
smaller, the exact composition of that iron need not be 
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so uniform and, most important of all, the quality of 
the steel can be regulated exactly as required. 

The basic open hearth is a slower and more expensive 
process to work, but otherwise has all the advantages 
of the acid open hearth over the Bessemer with the 
additional one of using any kind of ordinary iron, no 
matter what its composition. Iron with 2 per cent. 
phosphorus or with 24 per cent. silicon, or with a tenth 
of one per cent. of sulphur, can be converted into steel of 
the highest ordinary quality by this process. There does 
not appear to be much doubt that it is the process which 
will be most largely used in the future and will probably 
supersede most of the others. When that takes place 
the manufacture of pig iron will have returned to the 
general conditions which prevailed before Bessemer 
invented his process. At that time there was no special 
reason for making pig iron very low in phosphorus and 
sulphur. The requirements of the acid Bessemer 
process created the trade in pure ores from Spain and 
elsewhere, and the manufacture of hematite iron was 
the result. This manufacture has been of enormous 
advantage to the Spanish mine-owners who have made 
fortunes out of the pure ores from Bilbao. But when the 
necessity for iron low in phosphorus for the manufac- 
ture of steel passes away the demand for these ores 
will gradually decline in importance in comparison with 
that for inferior ores. Purity as regards phosphorus 
and sulphur will not be of such high relative value. 
Ores will then be valued according to the cost of making 
good steel out of them by the process for which they 
are best suited. It is true that at present there is no 
indication of such a change as has been indicated but 
rather the reverse, for best Rubio ore is at present 
dearer than it has probably ever been before and the 
demand for it greater. But it appears to be a logical 
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deduction from the present situation of the steel manu- 
facture and the direction in which it is developing that 
such a change should take place in the future. 

In other countries than Great Britain the same 
processes of selection are going on and “ the survival of 
the fittest ’’ will probably have the same result. In 
Germany, however, it will be long before the Bessemer 
process succumbs. It was a strange turn of fortune that 
the basic Bessemer process which was sought so ardently 
and persistently for many years by the best brains in 
England with the sole object of utilising the common 
iron-stone of Cleveland for the manufacture of steel, 
and was ultimately found by a Welshman, proved to 
be of supreme importance to Germany, France, and 
Belgium, and comparatively of very small advantage 
to Great Britain. It is no exaggeration to say that to 
this one invention, made with the object of benefiting 
England alone, is due the large increase in the iron 
and steel trade of Germany during the last thirty years. 
In proof of this it is only necessary to point out that of 
eleven million tons of steel made in Germany in 1908, 
nearly ten and a half millions were made by the basic 
process, Bessemer and open hearth. The chief reason 
for this is, of course, that the iron from the ores of 
Luxemburg and Lothringen is exactly suited to the 
basic Bessemer converter, and the slag made from them 
is exceptionally high in phosphoric acid and. there- 
fore very valuable, whereas the iron from the lean 
stone of Cleveland is not nearly so suitable for the 
process. 

The present position of the acid and basic processes 
in relation to the total production of steel is indicated 
by the following statistics relating to the production 
of steel in Great Britain, Germany, and the United 
States. 


These are as follows: 
Great Britain. 


1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 


1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 


1910 . 


1911 


1912 . 
1913 . 
1914 . 
1915. 


Acid Steel. 


3,833,888 
3,930,189 
3,712,506 
4,439,067 
4,685,840 
4,665,095 
3,485,306 
3,874,200. 
4,154,933 
4,018,885 
4,346,232 
4,860,154 
4,477,920 
4,912,160 


Basic Steel. 
1,075,179 
1,103,912 
1,314,373 
1,373,215 
1,776,434 
1,857,653 
1,810,336 
2,007,428 
2,219,548 

2 442,727 
2,449, 912 
2,803,722 
3,356,993 
3,438,784 


United States. 


Acid Steel. 
. 10,329,559 


9,687,827 
8,660,939 


 12.097.023 
_ 13,596,366 
" 12'937,900 


6,812,000 


- 10,407,200 


10,624,952 
8,860,572 
11,467,122 
10,801,011 
7,124,401 
9,162,885 


Basic Steel. 


4,496,533 
4,734,913 
5,106,367 
7,815,728 
9,649,385 
10,279,000 
7,140,400 
13,417,400 
15,292,329 
14,685,932 
19,641,502 
20,344,626 
16,271,129 
21,975,622 
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Germany. 

Acid Steel. Basic Steel 
517,996 7,262,686 
613,399 8,188,116 
554,288 8,223,189 
655,495 9,290,269 
715,952 10,419,133 
685,161 11,378,471 
598,311 10,480,349 
462,960 11,485,032 
311,297 13,034,140 
469,236 14,141,311 
382,003 16,444,865 
425,964 17,969,011 
374,938 14,115,398 
413,219 11,961,649 

Total of three Countries. 
Acid Steel. Basic Steel 
14,681,443 12,834,398 
14,231,415 14,026,941 
12,927,733 14,643,929 
17,191,585 18,479,239 
18,998,658 21,844,952 
18,287,356 23,515,124 
10,895,617 19,431,085 
14,744,360 26,909,860 

15,091,182 30,546,017 

13,348,693 31,269,970 

16,195,357 38,536,279 

16,087,129 41,117,359 

11,977,259 33,743,520 

14,488, 264 37,376,055 


From these figures it will be seen that the whole increase 
in steel production during these fourteen years has 
been in the basic output, the output of acid steel being 
practically the same at the beginning and end of the 
period. In all probability the output of acid steel 
will decrease in the future and that of basic steel increase. 

Before leaving the basic Bessemer process, reference 
should be made to the utilisation of the slag made by 
it. When the process was first used attention was 
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drawn to the richness of the slag in phosphoric acid 
and its consequent value as manure. Experiments 
were tried for using it by breaking it up into small 
pieces and putting it on the land. It had, however, 
no effect on the crops, and attention was then turned 
to method of extracting the phosphoric acid, which 
was necessarily a costly process. Before these could 
be put into operation someone suggested grinding the 
slag into fine powder. When this was done it was found 
to be quite a success, the plants being able to assimilate 
the phosphorus from the minute grains, which they 
were unable to do from the large pieces. The slag at 
once became a valuable commodity, worth up to 25s. per 
ton according to the quantity of phosphoric acid which 
it contained. The discovery of the value of the slag 
saved the basic Bessemer process from failure in this 
country and enabled it to be carried on when the only 
profit was produced by the slag. 


INGOTS AND THEIR SUBSEQUENT TREATMENT 


When the steel is to be used for making castings 
it is taken direct to the foundry and used there in much 
the same way as iron is used, except that it requires 
no purifying. For all other purposes it is run from the 
ladles into ingot moulds. When the steel in the mould 
has solidified, the mould is “ stripped ” from the ingot, 
and if it is to be used at once the ingot is sent to the 
soaking pit or re-heating furnace. The use of the 
soaking furnace is to render the ingot uniformly hot all 
over, It naturally solidifies first at the outside, the 
interior remaining liquid longer and solidifying much 
moreslowly, so that if it were sent to be rolled at once part 
of it would be too soft and part too hard. The soaking 
pit was invented by Mr. John Gjers, and consists of a 
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brick-lined chamber in the ground, large enough to 
hold the ingot easily and covered with a lid. The ingot 
parts with its heat to the bricks until the whole chamber 
and ingot are at the same temperature throughout. 
The chamber retains the heat after the first ingot is 
taken out, and when the next ingot is put in the 
chamber is hotter than the outside of the ingot and gets 
“soaked” more quickly. The soaking pit answered 
admirably with Bessemer plant because the ingots 
arrived at quick and regular intervals so that the mills 
could be “fed” regularly from the pits. With open 
hearth furnaces, however, and when cold ingots were 
required to be used gas or coal-fired re-heating furnaces 
became necessary, because the ingots arrived very 
irregularly and at uncertain times. These furnaces are 
made to hold a number of ingots, and the temperature 
can be regulated as required. 

From the soaking pit or re-heating furnace the ingots 
are withdrawn by a crane and passed automatically 
to the rolling mills, First they go through the cogging- 
mill, which reduces the ingot to a long square lump of 
steel. This is passed on to the roughing and finishing 
rolis which squeeze it to its final shape of bar or rail 
or girder. For making plates the cogging-mill shapes 
‘the ingot into a flat slab which is then sent to the re- 
heating furnace, because it cools very quickly in this 
form and would not roll. For dealing with steel in the 
manufacture of articles too large to be rolled, hydraulic, 
presses of great power are employed. These are made 
for pressures up to 12,000 tons, and by their means 
forgings of 100 tons or more can be dealt with 


MILD STEEL STERNFRAMES AND BRACKETS FOR 25-KNOT 
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CHAPTER IX 
FOUNDRY IRON 


WHEN blast furnaces produce ordinary pig iron not 
used for steel-making, the higher or foundry qualities 
are used for making castings and the lower, or forge 
qualities, for making malleable iron. The foundry 
trade is one of wide distribution and infinite variety. 
There is probably not a single town in the country 
which does not contain a foundry. Every trade, every 
industry is largely dependent on the founder ; railways, 
ships, houses, waterworks, gas-works, machinery, all 
call for castings and would get on very badly without 
them. And the articles which are produced are of the 
most diverse character. Tubes for the underground 
railways of London, turbine castings, thirty to forty 
tons each, for battleships, small parts of sewing machines 
an ounce or so each, huge water pipes, tiny brackets 
half an inch long for shelves, railway sleepers, small 
nails, long heavy columns are alike made by the 
experienced founder. 

The iron in the form of pig is re-melted in a cupola, 
which is a kind of small blast furnace. Wrought scrap 
iron is added to the charge to reduce the cost of the 
resulting metal or improve its quality. In countries 
where scrap iron is plentiful and cheap and pig iron 
costly the largest possible amount of scrap is added, 
and the pig iron which will “ carry ” the largest quantity 
of scrap is the best liked. 

The cupola is a tall cylindrical vessel of fire-brick 
cased with iron plates. The raw material, coke and iron 
and scrap, is put in through a door opening near the 
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top. Near the bottom are holes for the tuyeres. An 
opening at the bottom forms a tap-hole. In starting 
the cupola wood is put on the flat hearth and lighted, 
coke is then added, and then layers of coke, pig iron 
broken into pieces, scrap and a little limestone. When 
the charge has burnt up, the tuyeres are put in and the 
blast started. When the metal runs down it is tapped 
off into a haad-ladle or run direct into the moulds. 
The effect of the re-melting of the iron is to reduce the 
silicon, and consequently to increase the proportion 
of combined carbon and decrease the proportion of 
graphitic carbon. 

The consumption of fuel varies very much, being as 
low as one cwt. in the largest cupolas and as high as 
three and a half cwts. in smaller ones per ton of iron 
melted. The quality of a casting must depend on the 
work it has to do and the work which has to be done 
on it before it is put into use. There is one clear dis- 
tinction in castings, viz., those which have to be 
machined and those which have not. If a casting has 
to have any serious amount of machine work done on it 
in the way of planing or boring it must not be so hard 
that the tools are unduly worn in the operation. Ifa 
casting has not to be machined its hardness does not 
matter. Hardness is caused by an excess of combined 
carbon, and this is generally due to the silicon being 
too low. But iron low in silicon is stronger than iron 
high in silicon, and therefore where strength is necessary 
the iron must not have too much silicon in it, What 
then has the perplexed founder to do if he wants a strong 
casting which has to be machined? There are plenty 
of problems of this kind for the founder which he has 
to settle as best he can, Attention is being given to the 
scientific examination of these problems, which may 
render the work of founding less of a rule-of-thumb 
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business than it has been in the past. There is 
no branch of the iron trade which has received less 
attention in this respect than the foundry trade. 

In actual practice it is not usual to use only one 
quality or brand of iron except for common and heavy 
work. Where strength and soundness are required 
a mixture of Scotch and Cleveland, or hematite and 
Cleveland is said to give the best results. For large 
pipes which have great weight Cleveland four foundry 
is much in favour in Scotland and elsewhere, but for 
castings which have to stand tensile and pressure tests 
number three and number one are used with a small 
admixture of hematite or Scotch. The huge turbine 
castings for the big battleships are made from Cleveland 
iron with an admixture of Scotch, and some of these 
castings, which have to stand a water pressure test 
and must therefore be quite sound, have a grain as fine 
as first-class steel and weigh up to forty-five tons. 

The excellent qualities of Scotch iron for foundry 
purposes are known all over the world, and Cleveland 
iron has become no less famous. The two qualities 
combined probably give the finest mixture which it is 
possible to have for general foundry work, the Cleve- 
land giving rigidity and body to the milder qualities 
of the Scotch and the Scotch modifying the hardness 
of the Cleveland. 

THE FORGE 

The lower qualities of iron from the blast furnace 
are used in the forge for making malleable iron. The 
iron is melted in a reverberatory or puddling furnace, 
an illustration of which is given on page 80. This 
furnace has not greatly altered in form since it was 
invented by Cort and modified by Rogers. The flame 
is separated from the hearth by a low partition or 
bridge which prevents the fuel mixing with the iron. 
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The flame passing over the bridge parts with its heat 
mainly to the roof above but partly also to the metal 
on the hearth below. From the roof the heat is rever- 
berated or reflected back on to the metal on the hearth, 
which is thus melted. The gases pass on up the chimney, 
above the top of which a metal plate is suspended which 
enables the draught of the furnace to be regulated. 
A stream of water circulates round the body of the 
furnace and this preserves the fabric by counteracting 
the effect of the intense heat to which it is subjected. 
The puddler effects his operations by means of an 
iron tool called a rabble through a door opening on to 
the hearth. The labour of puddling is very exhausting, 
and large sums of money have been spent in endea- 
vours to do the work mechanically. The rotary pud- 
dling furnace of Mr. Danks, of Cincinnati, most nearly 
achieved success, and it was investigated in America 
by a party of English ironmasters who reported favour- 
ably upon it. It was tried in Middlesbrough in 1872 
but was ultimately abandoned, and puddling to-day 
remains practically where Cort and Rogers left it in 
1816. The bottom of the hearth is an iron plate which is 
covered with “ fettling,” which is usually hematite ore, 
purple ore, or similar material, and some clean scrap iron. 
These are heated and worked over the bottom to give a 
good layer of iron oxide. The pig iron is broken into 
small pieces and then put into the furnace on the top of 
the fettling. After the charge is melted, slag forms and 
the iron boils in consequence of the heat evolved by the 
combination of the carbon in the pig iron with th: oxygen 
in the fettling. Gradually the boiling subsides and the 
charge becomes pasty and is worked by the puddler into 
balls which are now malleable iron, the excess of carbon 
having been oxidised. The balls, or puddled blooms, 
as they are called, are removed from the furnace and 


FOUNDRY IRON 77 


immediately put under a powerful hammer and ham- 
mered into shape for the mill. The process of ham- 
mering also expels the slag which gets mixed in with 
the iron in the furnace. The bloom is next passed to 
the rolls and rolled into puddled bars. These bars are 
passed to the mills for conversion into the finished bar 
or rail. They are first cut up usually into pieces of 
one to four feet in length, and these pieces are piled 
together into squares. The piles are put into the mill 
furnace, which is a small reverberatory reheating 
furnace, similar to the puddling furnace, and heated, 
and as soon as they are hot enough they are removed 
from the furnace and sent direct to the rolls where they 
are rolled into finished bars, rails, or sheets exactly the 
same as in the case of steel ingots. 

The process of puddling is modified in different 
districts, and in the manufacture of ‘‘ best Yorkshire 
iron,” a special production of very high quality of which 
the brand “ Low Moor ”’ is the best known, the pig iron 
is first put into a refining furnace where the silicon and 
part of the phosphorus are extracted and the carbon 
changed into the combined form. It is then transferred 
to a puddling furnace, which differs from the usual 
type in having a chamber beneath the chimney in which 
the charge is heated before being put on the hearth. 
The hearth has only the iren bottom, no fettling being 
required, as the silicon and phosphorus have already 
been removed. The charge is kept in a pasty condition 
until the carbon has been removed and is then balled 
and sent to the hammer. The super-excellence of this 
iron is said to be due as much to the care in its manu- 
facture as to the processes it passes through. It is 
made from cold blast pig iron containing 1 to 14 per 
cent. silicon, $ per cent. phosphorus, and about 34 per 
cent. carbon. 
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OTHER PROCESSES 

There are many other processes in connection with 
the different manufactures of iron and steel which 
cannot be dealt with here. Principal among these 1s 
the manufacture of tinned plates which are rolled from 
steel billets. The home of this important trade is in 
South Wales, and although efforts have been made to 
establish it in other places, and America has done what 
she could to capture it, it flourishes there more vigor- 
ously than ever, aided no doubt by cheap raw material 
brought to its doors from many lands, and by the 
accumulated experience of many generations of its 
workers, : 

The manufacture of pipes and tubing of wrought iron 
and steel, of special steel for motor-cars and machinery 
requiring great strength and reliability, of hard steel 
for armour-plates, of huge steel castings for ships, and 
of tool steel, are a few of the specialities which are 
important branches of the iron and steel trades but 
cannot be more than mentioned by name. 

In closing this brief account of the manufacture of 
iron and steel, it is interesting to note that most of the 
great discoveries and inventions in connection with it 
have been made either by natives of, or residents in 
Great Britain. Henry Cort, who laid the foundations 
of the industry, was an Englishman. Neilson, the 
inventor of the hot blast, was a Scotsman. Henry 
Bessemer was born in England of French parents. 
Sir William Siemens was born in Germany but became 
a naturalised Englishman. Sidney Gilchrist Thomas 
was a Welshman living in London. 

One reason for the greater progress of the iron industry 
in its earlier stages in England than on the Continent 
was the freedom from war after the Restoration, which 
enabled peaceful pursuits and trade to be carried on 
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quietly and steadily, whereas the wars which devastated 
great countries on the Continent in the late eighteenth 
and early nineteenth centuries destroyed the trade and 
ruined industry there for the time being. The great 
inventions of Watt and Stephenson, which resulted in 
the building of railways and the development of all 
industries were at a later period the cause of this country 
taking the lead in the development of the iron trade 
which it has only lost in recent years to the Americans 
because of the rapid development of their immense 
country and to the Germans because of their great 
resources of native ore and the skill and energy by which 
these have been utilised. The leaders of the industry 
in these two great countries have frequently expressed 
their indebtedness to the ironmasters of Great Britain, 
and it is a notable fact that until recent years it was to 
Great Britain that the ironmasters of the rest of the 
world came for “ light and leading.” The first applica- 
tion of modern scientific principles to iron-making was 
made in this country by Sir Lowthian Bell, whose work on 
the smelting of iron remains the highest authority to-day. 





SECTION OF PUDDLING FURNACE 


THE IRON TRADE 
CHAPTER X 


THE HISTORY OF THE TRADE IN IRON 


SucH a history begins with the barter by the hunter, 
fresh from the chase, of the skins of his quarry for an 
iron tool with which to take off the pelt, or by the tiller 
of the ground of the grain he had grown for iron to make 
a shoe for the point of his wooden ploughshare. There 
is no record of these early transactions, there were no 
weekly iron markets, no quoted prices, no questions 
of “bull” or “bear” or “corners,” or any of the 
mischievous devices of modern commerce in those days. 
The necessities of the seller and the wealth of the buyer, 
who were also producer and consumer, fixed the price 
to be paid and received. As the production of iron 
increased and the use of it extended its value as a regular 
article of commerce would become more fixed. There 
seem to be no records of prices until about 1638 when 
Dud Dudley sold iron made with pit coal at £12 per ton, 
but this is comparatively a modern date. 

The earliest record of iron-making is the reference 
in Genesis to Tubal Cain as “ An instructor of every 
artificer in brass and iron.’ He was evidently the first 
expert in the trade which must, therefore, have reached 
a very considerable degree of efficiency in his day. The 
records of the earliest civilisation of the world, that of 
Egypt, contain many references to steel and iron, and 
the metal was known to the Chaldeans, Babylonians 
and Assyrians, Early Biblical references to iron are 
numerous, one of the most curious being that of the 
iron bedstead of Og, the King of Bashan. Goliath’s 
spearhead weighed six hundred shekels of iron, Job 
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refers to the iron weapon and the bow of steel and 
various tools of iron are referred to by David. Daniel 
wrote “‘ iron breaketh in pieces and subdueth all things,” 
and Elisha made the iron axe to swim when it fell into 
the water, and the servant lamented because it was 
borrowed. The Medes and Persians, and the natives 
of India, were acquainted with the manufacture, and 
Wootz steel has been famous for ages and is yet pre- 
ferred by the native swordmakers for the best weapons. 
The Arabs were early makers of fine steel and iron, as 
also were the Turks. It is recorded of Saladin that his 
sword was of such fine edge that he severed with it a 
down cushion thrown in the air. 

The Greeks were well acquainted with the manu- 
facture of iron, and reference to it is made by Homer. 
In later times the ores of the Isle of Elba were worked 
by the Greeks. The Romans knew the value of iron, 
but they were not great manufacturers of it themselves, 
The Celtibarians of Spain were famous makers of iron 
and steel, and Diodorus says their swords “ cut through 
everything in their way that neither shield, helmet nor 
bone can withstand them.” The ancient Britons 
knew the value of iron and used it for variaus purposes, 
and it is probable that they were acquainted with its 
manufacture from the ore, although it is quite possible 
that it was at first imported by the Phoenicians and 
other traders who came to the Cornish ports for tin. 
By the time of the first Roman invasion iron was made 
in the Island, and during the Roman occupation the 
manufacture of it was carried on in various parts of the 
country on a large scale. Enormous cinder beds in 
Monmouthshire and similar remains of iron smelting 
in other parts of the country in which Roman coins have 
been found, testify to the importance of the industry 
in those times. 
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In Anglo-Saxon and Danish times the manufacture 
of iron was an important industry, the monks even 
engaging in it, and St. Dunstan is said to have had a 
forge in his bedroom. In Domesday Book ironworks 
in Somerset, Hereford, Gloucester, Cheshire and Lin- 
coln are referred to. Gloucester appears to have been 
a centre of the trade, and its tribute to the King was 
paid in iron. Scrivenor says that from the Conquest 
to the end of the reign of King John iron and steel were 
imported from Germany, which probably indicates that 
industries in England were flourishing and iron could not 
be made in sufficient quantity. During the Crusades, 
the art of making chain armour was carried to great per- 
fection in England, and the same perfection in making 
weapons had been reached by the Saracens. In the reign 
of Edward the Third a law was passed prohibiting the 
export of iron, whether made in the country or imported. 
The magistrates were authorised to regulate the price 
and to punish anyone who charged too much. In this 
reign cannon are first mentioned, and these were first 
made ofiron. Scrivenor says that during the fourteenth 
and fifteenth centuries iron and steel were imported 
from Germamy, Prussia and other places, and iron from 
Spain, but as several improvements in the manufacture 
had taken place during this period in England laws were 
made towards the end ofdt against importing any of 
the articles of iron and steel which were manufactured 
in this country. The makers of these articles in London 
and other towns presented a petition to Parliament in 
1483 and an Act was passed prohibiting their importation. 

The trade continued to flourish in the Forest of 
Dean, Sussex, Somersetshire and Yorkshire until 
1558, when an Act was passed prohibiting the felling 
of timber for burning iron excepting in Sussex and parts 
of Kent and Surrey. This prohibition was extended 
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in 1581 and 1585 so as to exclude all timber “ of the size 
of one foot at the stub,” and prohibiting the erection 
of any new works in Surrey, Kent and Sussex, and here 
commences one of the great crises in the trade, viz., 
that due to the change from charcoal to pit coal fuel. 
Up to this period the manufacture of raw iron was 
more perfectly understood on the Continent than in 
England. The Germans and the Swedes had developed 
the Blauofen and the Osmond furnace from the Catalan 
forge and made better iron than was made in England. 
But aided by the earlier necessity to use hard coal 
owing to the denudation of the forests and by the inven- 
tion of the steam engine, the English now took the lead 
and retained it unto our own time through many changes 
which resulted in a complete revolution of the trade. 
Dud Dudley, in the seventeenth century, succeeded in 
making good iron by using pit and sea coal, but his 
invention was attacked by his rivals, his works were 
destroyed by floods, ‘“‘to the great joy of many iron- 
masters,’ as he says. A staunch Royalist he saw a 
patent for making iron with pit coal given by Cromwell 
to another—though he had the satisfaction of seeing 
it fail—and on the restoration of Charl@s II he got no 
redress. So, in disaster and ruin, ended the first attempt 
to make iron with hard coal, and it was not until fifty 
years later, in 1713, that Abraham Darby succeeded 
in using coke in the blast furnace. Dudley had esti- 
mated that in 1660 300 furnaces were in blast, each mak- 
ing fifteen tons of iron per week during forty weeks in the 
year. This would give an output of 180,000 tons per 
annum. Owing to the scarcity of charcoal the number 
of furnaces in 1740 had fallen to fifty-nine making only 
17,350 tons per annum. Dudley’s figures may not be 
very accurate, but it is evident that during these eighty 
years the trade passed thtough a very severe crisis in 
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which the manufacture dwindled to very small 

dimensions, 
The use of pit coal as coke in the blast furnace spread 
slowly, and iron had to be imported from abroad to 
make up the shortage in the home supply. Scrivenor 
gives the following table of imports and exports of 

iron : 

Imports. Average tons. 

1711 to 1718 15,642 


1729 ,, 1735 25,501 

1750 ,, 1755 34,072 

1761 ,, 1776 48,980 
Exports. 

1711 to 1718 4,365 

1729 ,, 1735 - 5,334 


The imports of iron were from Sweden, Russia and the 
American colonies. The policy of Great Britain with 
regard to her colonies at this time had the effect of 
stimulating imports of raw iron. The idea at the back 
of the policy was that the colonies should supply us 
with raw material, that we should manufacture it into 
finished articles and return it to them in that form. To 
carry out this policy the importation of raw materials 
was encouraged and the manufacture of finished goods 
in the colonies was prohibited. Scrivenor says :— 
“In 1750 an Act, 23rd George IT, was passed for encour- 
aging the import of pig iron from the British Colonies 
in America. Every well-wisher to his country reflected 
with concern on the nature of the British trade with 
Sweden, from which country we imported more iron 
and steel than from all the other countries in Europe. 
For this article a great balance was paid in ready money, 
which the Swedes again expended in purchasing from- 
the French and other mercantile states those neces- 
saries and superfluities with which they might have 
been as cheaply furnished by Great Britain. In the 
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meantime, our Colonies were restricted by severe duties 
from taking advantage of their own produce in exchanging 
their iron for such commodities as they were under the 
necessity of procuring from their Mother Country. This 
restriction was not only a grievance upon our own 
settlements but also attended with manifest prejudice 
to the interests of Great Britain, annually drained of 
great sums, in favour of a nation from which we derived 
no advantage in return; whereas, the iron imported 
from America must of necessity come in exchange for 
our own manufactures. The. Committee having ap- 
pointed a day for taking this affair into consideration, 
carefully examined into the state of the British com- 
merce with Sweden, as well as into the accounts of iron 
imported from the plantations of America; and a 
committee of the whole House having resolved, that 
the duties on American pig and bar iron should be 
repealed, a bill was brought in for that purpose. ‘ That 
pig iron, made in the British Colonies in America, may 
be imported duty free, and bar-iron into the port of 
London ; no bar-iron so imported to be carried coast- 
wise, or to be landed at any other port, except for the 
use of His Majesty’s dockyards ; and not to be carried 
beyond ten miles from London.’ The Act, however, 
contained the following clause :—‘ That from and after 
the 24th day of June, 1750, no mill or other engine for 
slitting or rolling of iron, or any plating forge, to work 
with a tilt-hammer, or any furnace for making steel 
shall be erected, or, after such erection, continued 
in any of His Majesty’s Colonies of America.’”’ Scri- 
venor goes on to show the results of this Act. The 
Governors of the colonies were ordered to make a return 
of the furnaces, etc., in their jurisdictions. This return 
showed that there were four mills for slitting or rolling, 
one not in use, eleven plating forges with tilting-hammers, 
7—(1497) 
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two not in use, and five steel furnaces, one not 
in use. The ironmasters petitioned against the bill 
on the ground that it would not lessen the import of 
Swedi:h iron, as that was brought in for purposes for 
which the British and American were unsuitable, and 
that the colonies would be able with their cheap fuel 
to undeisell the British manufacturer to the ruin of 
thousands of labourers, who would have to emigrate, 
also that if the British iron manufacturer had to depend 
on supplies from America, which would be liable to be 
captured by enemies or lost at sea the trade would decay 
for want of materials. Against this view the iron- 
mongers and smiths “of the flourishing town of Bir- 
mingham in Warwickshire’’ petitioned that the iron- 
works of Great Britain did not make half enough 
material for the trade, and that if the colonies could 
supply the deficiency the Swedish importation would 
cease “and considerable sums of money be saved to 
the nation.” They pointed out what was evident, that 
the importation from America would be no different 
in its effect from importation from elsewhere. The bill 
passed, and in 1756 the Society of Merchant Adven- 
turers of Bristol petitioned for bar-iron to be allowed to 
be imported into any port as well as London. This was 
urged because great quantities of bar-iron were being 
brought in from Sweden, Russia, and other countries, 
and the curious old argument was again used that this 
was purchased with ready money, whereas if America 
sent it in it would be paid for by goods going out. The 
petition was opposed and a great controversy arose on 
what was considered a national affair. The opposers 
said that the fear of American imports had stopped the 
development of mining and iron-making, that the mines 
were inexhaustible and the growth of wood in coppices 
for iron-making utilised land which was otherwise 
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of no value and improved pasture land by the shade 
it afforded, that the destruction of the coppices would 
reduce the bark available for tanning, that neither 
British nor American iron could stop the import from 
Sweden because the latter only could be made into steel ; 
the import from America, therefore, could only interfere 
with the British. The promoters replied to all this, 
and ultimately the bill was passed with a clause repealing 
@ previous enactment which prohibited the conversion 
of wood and eoppice into pasture or tillage. A curious 
comment on all this agitation and fuss is the list of 
exportations of iron from the American plantations 
which is as follows : 


Years, Tons. 
1717 and 1718 together 7 
1729 to 1735 average 2,111 
1739 ,, 1748 __,, 2,423 
1750 ,, 1755 ss, 3,305 
1761 ,, 1776s, 4,045 


In 1776 the imports of iron into Great Britain from 
Russia were 34,000 tons, so that in spite of Acts of 
Parliament the “line of least resistance ’’ was not 
deviated. There is little doubt that the irritation 
caused by these selfish trade regulations in the interests 
of British manufacturers and trade had much to do 
with the rebellion of the colonies. 

In 1788 the quantity of iron made from coke was 
48,200 tons, and from charcoal 13,100 tons. The 
effect on the trade of the substitution of coke for char- 
coal was to concentrate the manufacture of pig iron 
in those parts where coal was found. Thus the iron 
trade of Sussex and Kent disappeared and that of 
Staffordshire, South Wales and Yorkshire greatly 
increased. In Scotland the manufacture of iron from 
charcoal appears to have been on a very small scale, 
as the first furnace was erected in 1750 and in 1788 two 
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furnaces were blowing with charcoal and producing 
1,400 tons a year. But the use of coke as fuel and 
the discovery in 1801 of the blackband seam of iron- 
stone laid the foundation upon which the great iron trade 
of Scotland has been built. 

While this great change in the iron trade was taking 
place the invention of cast steel by Huntsman, in 1770, 
brought about an equally great change in steel, for by 
it the makers of fine Sheffield goods were provided with 
an ideal material for the manufacture of the finest 
cutlery. Huntsman was a watchmaker, who took up 
the question of improving the quality of steel. Whether 
he knew or learnt anything of the method of making 
Wootz steel or not it 1s impossible to say, but his inven- 
tion was very much on the same lines as those by which 
steel had been produced for centuries in Eastern countries. 

The early years of the nineteenth century saw the 
completion of the change from charcoal to coke fuel 
in this country, and in 1806 only eleven charcoal fur- 
naces remained in blast, making but 7,800 tons out of 
a total make of 258,206 tons of pig iron. The expansion 
of the home trade was greatly assisted by the increase 
in the price of foreign iron. In 1796 the price of Russian 
iron increased by about 30 per cent. because apparently 
the Russians thought our market was at their mercy. 
The import duty was increased by {1 per ton between 
1796 and 1798, and another 10 per cent. rise in the price 
took place in 1800, bringing the increase since 1795 to 
£10 per ton. The duty on pig iron in 1780 was 56s. per 
ton, and the price of Russian iron delivered in England 
was {17 per ton, and of Swedish iron {18 10s. per ton. 
The advance of £10 would therefore bring up the price 
of Russian iron to {27 per ton. The price of English 
iron in 1799 was £16 per ton, in 1803 £19 per ton, and 
shortly afterwards {£14 per ton. 
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Scrivenor gives the following list of import duties 
charged on bar-iron. 


1782 to 1795 £2 16 2 per ton 
1796 3 1 9 5 
1797 3 4 7 - 
1798 to 1802 315 5 se 
1803 44 4 iS 
1804 417 1 as 
1805 5 1 0 . 
1806 to 1808 5 7 5 7 
1809 ,, 1812° 5 910 = 
1813 ,, 1818 6 9 10 3 
1819 ,, 1825 610 0 » im Bnitish ships 
and 718 6 _ » Foreign ,, 


In 1825 the duties on iron and steel were reduced as 


follows : 
Former Duty. New Duty. 
Ivon. In bars unwrought from Bnitish 


Colonies perton {1 2 2 £0 2 6 
In bars from elsewhere . . 610 0 110 0 
Rods slit or hammered less than 

2 inch square percwt. 1 0 0 05 0 
Cast, per {100 value . . 20 0 0 10 0 0 
Old broken and cast-iron p.ton 017 6 012 0 
Pig iron 7 017 6 010 0 

» irom American 
Colones 0 8 0 01 3 
Wrought, not otherwise des- 

cribed, per {100 in value . 50 0 0 20 0 0 
Wire, percwt. . . 518 9 10 0 
Hoops 1 3 9 13 9 

Steel, or any manufacture of Steel, 
per £100 value . é . 500 0 0 20 0 0 


The arguments used in favour of these reductions 
were that the supply of iron in the country was inade- 
quate to the demand, that foreign orders for iron had 
to be refused because the manufacturers here could not 
afford to supply the goods at a price which the foreign 
customer could pay and foreign trade was thus being 
lost, that the duties were prohibitory and therefore the 
exchequer received no income from them. 
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But no import duties now mattered because the 
natural advantages of fuel and iron-stone which Great 
Britain possessed enabled her to overcome all competi- 
tion in her own land and to extend her trade to other 
countries in spite of hostile tariffs. The output of iron 
increased from 258,000 tons in 1806 to 368,000 tons in 
1820, 690,000 tons in 1827, and a million tons in 1835, 
and the imports dwindled to 17,015 tons on the average 
from 1823 to 1830. 

It is interesting to look back at this point when Great 
Britain became self-supplying in the matter of iron to 
the fluctuations in the imports in earlier years. As 
early as 1216 the home supply was so small that impor- 
tations had to be made from the Continent, but the 
home production had so largely increased by 1483 that 
importations were forbidden, and late in the sixteenth 
century iron in the form of cannon was exported. This 
trade led to the complaint that Spain armed her ships 
with English cannon to fight against us, and conse- 
quently the export was forbidden. In the seventeenth 
century the civil war paralysed the industry, and in 
the eighteenth the exhaustion of the forests led to 
recourse again being had to the Continent for supplies. 
But now came the change which put England in the 
leading position. While the Continent, with its large 
supplies of timber, continued to use charcoal fuel the 
English works were driven to use coke. As experience 
with coke was gained it was found to be much cheaper 
than charcoal and the output of iron much greater. 
The abundant supply of coal and its proximity to the 
ore gave Great Britain a great advantage over the 
continental nations, Germany, her great competitor 
in modern times, up to the close of the Napoleonic wars 
in 1815, was constantly devastated by hostile armies 
which destroyed all industry for the time being, and 
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America had not begun to develop her resources. 
Great Britain, with peace within her own borders, took 
advantage of the opportunity to develop her iron 
industry which the possession of coal and iron-stone 
in vast quantity enabled her to do. The lead which 
she was thus enabled to establish over her con- 
tinental competitors was increased by the early develop- 
ment of railways, and it was not until 1890 that she had 
to take second place owing to the growth of the trade 
in the United States with its huge stores of iron ore, 
its great territory and large population. In 1903 
Germany also passed her owing to the development of 
the Bessemer basic steel process for which her ores are 
specially suitable. 

We in Great Britain may regret that we no longer 
hold the blue ribbon for iron production, but it is not 
a position which any action on our part could possibly 
have altered, and it is wisdom to accept the inevitable 
without getting angry. If we could have treated the 
United States as the American colonies were treated 
in the Georgian days and prohibited them from making 
any manufactured iron, or setting up any plant for 
doing so, then the American output of iron would have 
kept down, or if we could have suppressed the Thomas- 
Gilchrist process of steel-making, Germany could not 
possibly have become a great maker of steel, but under 
no circumstances was it possible to do either of these 
things. We cannot say to the United States, “ You 
shall not develop your minerals without our permission ”’ ; 
nor to Germany, “ We will not allow you to use the 
Basic process”; nor to nature, ‘‘ You had no right to 
provide these countries with more iron ore than you 
gave to us.” Only very foolish people would take up 
such a position, for it is certain that in the progress of 
nations, all other things being eqyal, that country with 


94 IRON AND STEEL 


the greatest natural resources will make the largest 
quantity of goods from natural products. Great Britain 
can no more hope to rival America in the production 
of iron than the Isle of Wight can hope to rival England 
in the growth of corn, nor is it to be expected that the 
208,627 square miles and sixty-one million inhabitants 
of Germany will not require more iron than the 121,305 
square miles and forty-four million inhabitants of 
Great Britain. 

From 1836 to 1860 the British iron trade grew at 
a great rate, and the output of pig iron reached 3,826,752 
tons in the latter year. Railways and manufac- 
tures of all kinds called for an ever-increasing quan- 
tity. The discovery of the main seam of Cleveland 
iron-stone led to the establishment of great works on 
the banks of the Tees, which were able not only to 
supply the home market with pig iron but to export 
it to the Continent, where a great trade was built up. It 
is to be borne in mind that the whole of this pig iron 
in the home market was used for making malleable 
iron in the puddling furnace or for castings. The rail 
and plate trades were principally carried on in Stafford- 
shire, on the North East coast and in South Wales. 
The most successful of these was that of Mr. Danks, 
which has been referred to. The success of Bessemer’s 
hew process, however, put a stop to all attempts to 
improve the puddling furnace, which for the manu- 
facture of rails and plates was practically abandoned. 
The transit from the puddling furnace to the Besse- 
mer converter for the manufacture of rails began 
in 1873 and was completed by about 1879, and in 
the case of plates it lasted from about 1880 to 1890. 
In South Wales great distress was caused among the 
workmen who were dismissed as the puddling furnaces 
were put out, no less than 734 out of 1,251 of these 
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being extinguished between 1873 and 1880. In 1890 
there were only eighty-three in operation, and in 1906 
the number in North and South Wales together had 
dwindled to twenty. 

The great development of the iron and steel trade in 
modern times began with the invention of the Bessemer 
process in 1855. Up to the time when Bessemer steel 
was first made in 1860 steel was only known as the 
raw material for the cutlery and similar fine trades. 
It was very costly, being made by an expensive process 
from expensive imported material. In 1841 Russian 
and Swedish bar-iron imported by Hull merchants 
cost from £20 to £35 per ton at Sheffield, the price being 
artificially maintained by the restriction of exportation 
by the Swedish Government. All other requirements for 
railways, shipbuilding, machinery, pipes, etc., were met 
by iron made in the puddling furnace or the cupola. 
The discovery of mild steel, as it has come to be called, 
changed all that, and although the foundry trade has 
altered little, the manufacture of malleable iron has 
shrunk to comparatively small dimensions. 


CHAPTER XI 


THE IRON TRADE OF VARIOUS COUNTRIES 


GREAT BRITAIN 


THE two outstanding features of the iron trade of 
Great Britain, after the invention of hot blast by Neilson 
in 1829, are the rise of the Scotch iron trade and the 
discovery of the main seam of Cleveland iron-stone in 
May, 1850. The earliest reference to iron-making in Scot- 
land is in an Act of the Scottish Parliament in 1686, 
where ‘the trade of founding, lately brought into the 
kingdom by John Meikle for casting of balls, cannons, and 
such other useful instruments,” is mentioned. Two 
charcoal furnaces were erected in 1750, and in 1759 the 
Carron ironworks near Falkirk were established. These 
were evidently intended from their name for the manu- 
facture of ‘ carronades,” a small cannon used for close 
fighting on board ships. In 1760 the make of pig iron 
in Scotland was 1,500 tons, which in 1788 increased to 
7,000 tons, and in 1796 to 16,086 tons. In 1801 the 
discovery of the Blackband seam of iron-stone laid the 
foundation for the great trade which grew up subse- 
quently, but it was not until after Neilson’s discovery 
of the hot blast that the output of iron increased largely. 
In 1806 the make of iron was 20,240 tons; in 1820, 
20,000 tons ; in 1823, 24,500 tons; in 1827, 36,000 tons; 
in 1829, 29,000 tons; in 1830, 37,500 tons; and in 
1836, 75,000 tons. Now began the great development 
out of all proportion to any increase in other parts of 
the country. In 1839, 196,960 tons were made; in 
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1843, 280,000; in 1845, 475,000; in 1846, 580,000; 
in 1849, 690,000 ; in 1851, 770,000; in 1855, 820,000; 
in 1858, 980,000 ; and in 1860, one million tons. While 
from 1830 to 1860 the Scotch make of iron increased 
from 37,500 to 1,000,000 tons, or more than twenty- 
five times, the total make of Great Britain only in- 
creased from 678,417 tons to 3,826,752 tons, or a little 
more than five and a half times. By 1860 the trade 
had been developed to its full capacity andas the 
Blackband iron-stone was exhausted foreign ore was 
imported to take its place. In 1906 the total quantity 
of iron ore mined was 875,358 tons, which at two and 
a half tons per ton of iron would give only 350,143 
tons of iron, whereas the iron made amounted to 
1,451,068 tons. 

The increase in the output of iron was not all dis- 
posed of in this country. The cheapening of the cost 
through the use of coke and hot blast enabled the iron 
to be put on the foreign markets at a price with which 
the charcoal-made iron of the Continent could not com- 
pete. While the imports of iron declined and were 
probably no more than were necessary for the manu- 
facture of fine steel in Sheffield the exports bounded 
upward as the following table from Scrivenor’s History 


shows : 
1796 to 1805 average 29,446 tons 


1806 ,, 1808 . 41,593 __,, 
1812 57,791 _,, 
1814 57,019 ,, 
1815 ,, 1822 hi 91,772 ,, 
1823 ,, 1830 «8 103,439 _,, 
1830 ,, 1834 v9 157,317 _,, 
1835 ,, 1839 ‘3 236,139 ,, 
11840 ,, 1844 ys 381,254 _,, 
11845 ,, 1849 3 534,120 _,, 
11850 783,482 ,, 
11851 919,479 __,, 
11852 1,035,884 _,, 


including unwrought steel. 
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The development of railways in the thirties no doubt 
stimulated the production of iron in Scotland, and when 
the first rush was over in the forties the price fell to 
below 40s. per ton. An upward movement set in until 
1852 when prices again fell, this time to 35s. 6d. per ton, 
which was the lowest price ever touched. The import- 
ance of the foreign trade may be gauged by the fact that 
in 1843, with a make of 280,000 the foreign exports 
reached 106,605 tons. It was this export trade both 
to home and foreign ports which distinguished the 
Scotch market and which later became the character- 
istic of the Cleveland trade. The peculiar value of the 
Scotch iron was recognised everywhere and it became 
the standard iron for foundry work. The activity due 
to the great increase in the output, the opening up of 
foreign connections, and the great irregularity in prices 
led to the establishment of the Scotch iron market and 
the warrant store which will require a chapter to 
themselves. 

When the Scotch iron output from native ores had 
reached its maximum in the early fifties the introduction 
of Cleveland iron raised up a formidable rival to it for 
foreign trade. The new iron was cheaper and the cost of 
shipping it to the Continent less than the Scotch. The 
consequence was that it quickly got a foothold in con- 
tinental markets, and although it was not of such good 
quality it answered admirably as a mixture and for heavy 
rough work was better. But it was not only the foreign- 
ers who appreciated the advantages of Cleveland iron. 
The Scotch founders themselves, obtaining it at a very 
low cost of carriage through the port of Grangemouth, 
began to use it to mix with their own iron and the 
Scotch market became the most important one for the 
Cleveland ironmasters. As the output of Scotch 
foundry iron dwindled through the working out of the 
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iron stone seam the output of Cleveland iron increased 
until it became the principal foundry iron of the world, 
finding its way to every market from Norway to the 
Cape, and from Holland to San Francisco. 

The following are representative analyses of Scotch 
and Cleveland 1ron : 


Scotch No 1 No 3 
Carbon graphitic : 310 375 
» combined : 25 50 
Silicon 245 267 
Sulphur 01 03 
Phosphorus 82 80 
Manganese 160 40 
Iron by difference 9177 9085 
Cleveland No | No 3 No 4fy No 4 forge. 
Carbon graphitic 3 30 301 2 80 3 00 
» Combined 15 27 48 62 
Silicon 290 280 231 153 
Sulphur 03 04 08 14 
Phosphorus 152 150 155 1 50 
Manganese 60 58 50 45 
Iron by difference 9150 9180 9228 92 76 


When the production of mild steel began to take the 
place of malleable iron in the manufacture of rails, 
plates, bars, etc., the finished iron trade of Cleveland 
was reduced to small dimensions, but the district did 
not suffer so much as South Wales, as the importation of 
foreign ore was begun for making hematite iron. At 
this time, 1860 to 1870, the Continent and America 
were supplied with pig iron largely from the Scotch 
and Cleveland furnaces, and it was not until the develop- 
ment of the manufacture in America increased so much 
that they could supply their own wants, and until the 
invention of the Thomas-Gilchrist process enabled 
Germany to commence the development of her enormous 
ore resources in Elsass-Lothringen, that Great Britain 
ceased to be the iron centre of the world. And although 
the output of British iron and steel is now smaller 
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than American and German, it is perhaps hardly 
accurate to say that Great Britain is not still the centre 
of the trade, for the home markets of America and 
Germany absorb such a large proportion of the 
output of those countries that they supply a smaller 
proportion to the outside world than does Great 
Britain. 
GERMANY 

The early history of iron-making in Germany is very 
much on the same lines as that of England. The 
Catalan forge developed into the Stiickofen and the 
Blauofen, and it is probable that the first cast-iron 
was made in Germany. The Germans and the French 
were noted at a very early period for the excellence of 
their iron castings. The blast furnace, working with 
charcoal, was invented in Siegerland in 1500 and was 
introduced into England in 1534. The first furnace 
using coke was built at Gleiwitz, in Upper Silesia in 
1796. Up to this period Germany was one of the most 
advanced nations of Europe in the manufacture of iron, 
producing more pig iron than was required in the country 
itself and exporting considerable quantities to Great 
Britain. Scrivenor says that from the Conquest to 
the death of King John, and also in the fourteenth 
and fifteenth centuries, iron and steel were imported 
into England from Germany and other countries. 
The use of coke in the blast furnace was not 
adopted in German furnaces until nearly eighty years 
after it was first used in England, principally because 
there was no dearth of charcoal in Germany, and also 
because coal was not too plentiful. The use of coke 
as fuel put Germany at a disadvantage to Great Britain 
in the manufacture of iron because her coal was not so 
suitable for producing coke, it was not found in such 
large quantities, and it was not so conveniently situated 
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in reference to the ore. The ore also of the coal forma- 
tions was not found in the same abundance as in Scot- 
land and Staffordshire, and there was little ore to com- 
pare with the ri h hematite of Cumberland. On the 
other hand, brown ores were plentiful, but the ores 
generally were at considerable distances from the coal, 
thus increasing materially the cost of making iron. 
There are no early records of the output of iron, but in 
1837, in Prussia, the make was 99,000 tons of pig iron. 
The output incieased very gradually until, in 1879, it 
reached 1,639,676 tons in Prussia and 2,100,294 in 
the German Empire. The largest proportion of this 
was made in the Westphalian district where coal and 
iron ore were the nearest together and where foreign 
ore could be imported by the Rhine at the least cost. 
The output of steel in that year in Prussia was 464,642 
tons by the Bessemer converter, 56,827 tons by the 
open hearth, and 1,273 tons by other apparatus, in all, 
522,742 tons. In making this, 356,311 tons of German 
and 106,878 tons of foreign pig iron were used. There 
did not seem at this time to be much probability that 
Germany would become a great iron and steel country. 
Her ores were not suitable for making steel by the only 
cheap process then known, they were far from the coal 
and separated by land so that cheap water carriage 
was not available. But now came the transformation 
scene. The Thomas-Gilchrist process was invented 
and Germany found herself with a great advantage 
over every other country in that she possessed in the 
Minette ores of Luxemburg and Lothringen an ideal 
mineral for the new process in quantities which could 
not be calculated. Not only did she possess the mineral 
but she also had the men with brains and tra ning to 
carry out the process. Her admirable technical schools 
turned out yearly a number of young men with scientific 
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knowledge who were set to work to utilise the new 
method of steel-making. Works sprang up, difficulties 
were overcome and a great ambition took hold of those 
in the trade to push German manufactures of iron and 
steel into the forefront of the world’s trade. They suc- 
ceeded so well that in 1900 they made more iron than 
was made in Great Britain, and in 1913 the output of 
pig iron was 19,291,920 tons. To show how much 
Germany owes to the basic processes of steel-making 
it is only necessary to say that in 1913, out of 18,958,319 
tons of steel made, no less than 17,969,011 tons were 
basic steel and only 425,964 tons were acid steel. The 
quantity of acid steel has therefore practically not 
increased since 1879. The basic processes have en- 
abled Germany to take up a great position in the 
iron and steel world in spite of the difficulties of in- 
ferior coal and heavy transport charges. She has been 
helped in this struggle by the heavy import duties which 
have prevented other countries competing against her 
in her home market. She has thus been able to charge 
prices to her home customers which have left her a very 
handsome profit, and all internal competition of her own 
manufacturers has been eliminated by the formation 
of trusts or syndicates. The profit on her home trade 
has tempted her to build works and sell the surplus in 
outside markets at any price that it will fetch. The 
foreigners have thus been able to take advantage of her 
cheap material while her home people have been charged 
full prices. The high home prices have also resulted 
in furnaces being built in such places as Liibeck and 
Stettin, far from all native coal or ore, and fed with 
imported ore and imported coal. Fed artificially by 
protective duties and hedged round with syndicates, 
the iron and steel trades of Germany are flourishing, 
and will probably succeed in keeping out all foreign 
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competitive manufactures, and in capturing a great 
part of the trade of the nearest continental countries. 
So long as the internal general trade of the country 
increases and takes its full share of the increased make 
of iron at a large profit to the maker the prosperity will 
continue, but when, as in time it will, the make of iron 
increases at a greater rate than the country can absorb 
it, a larger proportion will have to be placed abroad at 
a disadvantage, and when the total disadvantage of 
the foreign trade surpasses the total advantage of the 
home trade a crisis will come which will not be overcome 
without grave difficulties if not disaster. At present 
there is no sign of such difficulties, the steel trade of the 
world is expanding at a great rate and German manu- 
facturers are probably not only making a very handsome 
profit on their home trade in steel but a moderate one on 
their foreign trade, But a weak or unstable foundation 
will in time surely have its effect on the superstructure 
and bring about a collapse in the end. Those who take 
a broad view of German trade cannot ignore the tendency 
of the present policy to encourage production without 
regard to consumption, and they view with apprehension 
the inevitable result. 


THE UNITED STATES OF AMERICA 


It is fairly well established that the aboriginal inhabi- 
tants of the American Continent were unacquainted 
with the use of iron. The highly civilised people of 
Peru and Mexico used copper only, and the Indians of 
North America did not use iron until it was introduced 
by Europeans. This ignorance of iron is very striking 
evidence of the early period at which America was first 
inhabited, for it is very improbable that any people 
who once knew of iron would ever entirely lose that 
knowledge. The history of iron in America, therefore, 
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begins with the invasion of the Europeans who brought 
with them their knowledge of the Catalan forge. Iron 
ore was first discovered in 1585 by Sir Walter Raleigh’s 
expedition on Roanoke Island. In 1608 a quantity of 
ore was shipped to England and smelted, and seventeen 
tons of metal produced. This was the first iron made 
from American ore. The first attempt to establish 
ironworks in Virginia ended disastrously and the first 
works put down were in the province of Massachusetts 
Bay in 1643. The industry flourished and was gradu- 
ally extended to other provinces, the abundance of 
timber available for charcoal being of great advantage. 
It has already been pointed out that the British Govern- 
ment interfered with the development of the trade by 
prohibiting the use of mills and forges for making 
finished iron, compelling the trade to be restricted to 
the manufacture of pig iron for export to England, 
except such quantities as could be used in the forges 
and mills already in work. After the War of Independ- 
ence heavy duties were put on imported iron, and the 
immigration of skilled artisans and workpeople from 
Europe was encouraged. In 1810 the annual value 
of iron and its manufactures was estimated at twelve 
to fifteen million dollars, and the value of imported iron 
at four million dollars. Heavy duties continued to be 
levied for the purpose of protecting the native works, 
and a great controversy arose between 1828 and 1833 
upon these duties. The tariff had been altered as follows: 


1818 1824 1828 
dols. dols. dols. 
Iron in bars, rolled 1:50 per cwt. 1:50 per cwt. 37:0 per ton. 
» » not 
rolled 75 Ps 90 - ‘1 per Ib. 
Pig iron 50 oy "50 i ‘624 per cwt. 


The duties charged were compared unfavourably with 
those of Great Britain, which were 6 dol. 66 cts. for 
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bar-iron and 2 dol. 22 cts. for pig iron per ton, and it was 
argued that the heavy American duties tended to per- 
petuate the industrial ascendency of Great Britain. 
The result of the agitation was that in 1833 the duty on 
pig iron was reduced to 50 cts. per cwt., and on bar- 
iron to 30 dols. per ton. In 1842 these duties were 
reduced to 17 dols. for hammered and 25 dols. for rolled 
iron and 9 dols. for pig iron. 

The following figures of imports of British iron are 
given by Scrivenor : 


Years. Tons. 
1815 to 1819 i 15,097 
1820 ,, 1824 11,832 
1825 ,, 1829 “s 17,491 
1830 ,, 1834 -y 43,630 
1835 ,, 1839 . 74,346 
1840 ,, 1844 ‘5 63,099 
1845 ,, 1849 6 181,662 
1850 367,862 
1851 464,559 
1852 501,158 


In 1850 the quantity of pig iron made in the States 
was 564,755 tons, so that 60 per cent. of the iron used 
was home made and 40 per cent. imported. From 
1850 the manufacture of iron rapidly increased, so that 
in 1860 the pig iron output was 821,223 tons, in 1870 
1,665,178 tons, in 1880, 3,835,191 tons, in 1890, 9,202,703 
tons, in 1900, 13,734,860 tons, in 1910 it was 27,298,545 
tons, and in 1916, 39,434,797 tons. The production 
has therefore been about doubled every eleven years 
on the average. No other country in the world can 
show such a development as this at any period of its 
history. Germany comes nearest with about half the 
production at. each decade, but in the earlier years 
before 1870 the district of Elsass-Lothringen, which 
now produces a large quantity, was not included. 

The American expansion has been brought about 
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by the development of the country and by the posses- 
sion of great resources for iron-making in the Lake 
Superior ores and Connelsville coke. The enterprise 
.and organisation necessary for bringing these materials 
together gave an admirable opportunity for the display 
of American energy and ability. The transport of 
ore across the Lakes and its conveyance to the furnaces 
at Pittsburg and other places is a triumph of engineering 
skill and business capacity which has no parallel in any 
other part of the world. 

From time to time the output of iron in the States 
has exceeded the demand, and the ironmaster there 
has then had to consider whether he should dispose of 
the surplus in outside markets or reduce his make. 
The Pittsburg furnaces are too far from tide-water to 
admit of any iron from them being shipped oversea, 
but the Southern furnaces in Alabama are able to put 
iron f.o.b, at Pensacola for about a dollar per ton. 
Pensacola is a Cotton port, and there are, therefore, 
opportunities of shipping iron in ships taking cotton 
to Europe which are not loading their full carrying weight. 
In this way it has been possible to ship pig iron to 
Northern European ports such as Bremen, Hamburg, 
Rotterdam, etc., and to Mediterranean ports such as 
Genoa, Savona, etc., at a cost which would compete 
with British iron. But the geographical position of the 
American works generally is such that any serious com- 
petition in outside markets is not to be looked for. The 
Canadian markets, on the other hand, except those on 
the St. Lawrence river, are open to American competi- 
tion, and as Canada has up to the present not developed 
any ore or coal-fields which will provide-for her rapidly 
increasing population it would appear to be in her 
interest commercially to cultivate trade with her best 
market, which over a great extent of her territory is 
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that of the States. In the Western States the absence 
of coal and ore in large quantities renders it difficult 
to establish the manufacture of iron as a national 
industry, and supplies of iron are obtained from the 
Eastern States. Imports into Western ports such as 
San Francisco and Seattle are received from Europe, 
but recently the Chinese works have sent in consider- 
able quantities. It is probable that as the Chinese 
iron trade develops the requirements of the Western 
States of America will be largely supplied by that 
market. 
FRANCE 

The early history of iron-making in France differs 
in no respect from that of other parts of the continent of 
Europe. The change from charcoal to hard coal or 
coke fuel took place later than in Great Britain, and in 
1836 no less than 593,855 tons of charcoal were used 
in the manufacture of iron. The price of charcoal rose 
in about six years from 1822 from 18 fcs. to 374 fcs. per 
banne (50 cub. feet), in the Meuse, and from 16 fcs. to 
234 fcs. in the Cote d'Or, and the result was a gradual 
replacement of charcoal by coke. The French iron 
industry suffers from the coal and ore supplies being 
far apart. The coal supply is mainly in the Nord and 
Pas-de-Calais districts. The ore is principally in the 
Nancy and Longwy districts. The earliest records 
show that the output of pig iron in 1800 was 60,000 
tons. The output in 1913 was 5,311,316 tons. The 
loss of Alsace-Lorraine to the Germans in 1870 cur- 
tailed the extent of the ore-field, but there are still 
in the district near Metz in France immense quantities 
of Minette ore which are gradually being opened 
out. 

The iron trade in France has been the subject of 
many legislative acts, During the Napoleonic period 
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the demand for iron for war purposes increased greatly, 
and when peace came, after 1815, the manufacturers 
found themselves in difficulties because no more imple- 
ments of warfare were required. They laid the blame 
on the imports of iron which came in from Great 
Britain and elsewhere, and therefore petitioned the 
Government to prohibit the importation of iron. The 
Government therefore raised the import duty in 1822 
from 22 fcs. per 1,000 kilos. (about 17s. 6d. per ton) to 
150 fcs. (£6 per ton). Even this was not found sufficient, 
and although strong arguments were used in favour 
of following the example England was setting of re- 
leasing trade from the incubus of protective duties the 
duty was raised to 250 fcs. per 1,000 kilos., but the iron 
from England only was charged this rate, that from 
Sweden, Spain and Holland paying only the lower rate 
of 150 fcs. This was still not altogether effective, for 
though 13,133 tons of bar-iron were imported in 1821, 
in 1822, 4,800 tons were imported. A commission in 
1829 recommended that the duties should be continued 
for five years and then reduced one-fifth, and after 
another five years the Government should again con- 
sider the question. The Government accepted the 
recommendation but made the reduction only one- 
tenth. In 1853 the duty on pig iron was 50 fcs. per 
1,000 kilos. in French vessels and 10 per cent. more 
in foreign vessels. In 1855 this duty was reduced to 
40 fcs. and subsequent changes have reduced it to its 
present amount of 15 fcs. per ton of 1,000 kilos. 


BELGIUM 


Belgium, possessing a larger supply of fuel than 
France, has been able to establish the iron trade as one 
of the principal industries of the country. One authority 
says that it was in Belgium that the first cast-iron 
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was made, and that in 1560 there were thirty-five 
furnaces and eighty-five forges in the province of 
Namur. But it was not until after the release from 
the burden of war, after Waterloo, that the trade 
became well established. John Cockerill, an English- 
man, is regarded as the founder of the modern trade in 
iron in Belgium. In 1817 he was invited by the King 
to establish works near Liége and received a large 
subsidy for that purpose on the condition that he would 
allow the ironmasters of Liége and Namur to go to his 
works and learn the principles of and latest improvements 
in the art. Thus were begun the great works at Seraing, 
one of the most important in Europe. In 1823 the first 
coke blast furnace was put up there, and the improve- 
ments in iron and steel-making which originated in 
Great Britain were quickly adopted by the Belgians. The 
native iron-stone of the country was gradually worked 
out and then the oolitic ore of Luxemburg was drawn 
on and is now used almost exclusively, There are no 
early statistics of the trade. The make of pig iron was 
52,000 tons in 1830, which increased to 2,484,690 in 
1913. 
AUSTRIA-HUNGARY 

The Austrian iron trade is a very old one. The 
steel of Styria was famous in the Middle Ages and the 
ore worked in that district is to-day the chief source 
of the manufacture of iron. The coal of the country 
is not of high quality and consequently the manufacture 
of iron is carried on under disadvantages. But the 
quantity is large, and as the manufacture of iron is 
protected artificially by means of an import duty, and 
also naturally by heavy land or river carriage to the 
interior, the trade is a very profitable one to the manu- 
facturers. The position of Austria-Hungary with 
little seaboard and difficult means of communication 
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with the outside world renders it impossible for any 
competitive trade to be established with distant lands. 
On the whole, she will remain rather a buyer of iron from 
outside than a seller, and her position as a competitor 
in the world’s market may therefore be disregarded. 


RUSSIA 


The manufacture of high-class iron was at one time 
a great industry in Russia and she competed with 
Sweden for the English trade in the eighteenth century. 
Mining is said to have been practised in Siberia before 
all records. Peter the Great encouraged the trade in 
iron, and mining was begun in many districts. The 
output of iron increased and a large foreign trade was 
built up. At the end of the eighteenth century the 
trade with Great Britain had increased to such an extent 
that the Russians concluded we could not do without 
their iron. They therefore increased their price by 
degrees from about £9 10s. per ton in 1770 to about 
{27 per ton in 1798. The British, however, by the use 
of coke managed to increase their output of iron and do 
without the Russian supply. The output of pig iron in 
Russia has increased from about 250,000 tons in 1850 
to 4,257,000 tons in 1913. This quantity is, however, 
a mere bagatelle when the immense area and mineral 
resources of the country are considered. Russia is 
still an undeveloped country not far removed from the 
crude Northern civilisation of the seventeenth century, 
and when she is able to obtain some sort of reasonable 
government and the undoubted ability of her people 
has some opportunity of expressing itself she will 
take her place among the great producing countries 
of the world. How long that time will be delayed 
depends on the wisdom or unwisdom of her political 
rulers. 
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SWEDEN : 

As the source of the highest class of iron from which 
the best steel was made Sweden has always taken a high 
place among iron-making countries. The iron mine of 
Dannemora was discovered in 1448, and it has been 
worked almost continudusly since then. This ore is 
a magnetic oxide of iron free from phosphorus and low 
in sulphur with about 6 per cent. of lime and 10 per 
cent. of silica. From it the best Swedish iron was 
made and exported to all parts. The shortage of 
timber for charcoal-making limited the production of 
iron, and although possessing immense stores of iron 
ore, because of the lack of fuel Sweden cannot be- 
come a great iron-making country under present 
conditions. In 1803 the output of iron was estimated 
at 48,000 tons, in 1812 4t had been increased to about 
60,000 tons. In 1850 the output was 141,000; in 
1860, 185,000; in 1870, 300,000; in 1880, 405,000; 
in 1890, 456,000 ; in 1900, 526,000; in 1909, 443,000; 
and in 1915, 760,701. The entire absence of coal 
renders the making of pig iron with coke impossible, 
and only high-class charcoal iron, such as Sheffield 
uses for her fine steel trade, is now produced, with the 
exception of a small quantity made electrically. It is 
just possible that the development of the electric 
furnace will alter the position of Sweden in the iron 
world. She has in her numerous waterfalls a source 
of cheap power which, if used for the production of 
electricity, may make the manufacture of iron on a 
large scale feasible. This, however, is not at present 
a practicable proposition. 


THE WORLD POSITION 


The great war has for the time being upset the con- 
ditions of the iron and steel trades all the world over. In 
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Great Britain the Government, through the Minister 
of Munitions, has taken control of the whole trade 
and manufacture so that hardly any iron or steel is 
being produced except for war purposes. The United 
States and Germany are practically in the same position. 
The iron and steel industry of Belgium has been des- 
troyed and its plant stolen or broken up. The French 
works are mostly in the possession of the Germans, 
who have worked them where possible and destroyed 
them where that was not possible. Russia seems to 
have gone back to barbarism for the time being. 

What will emerge from the witches’ cauldron of the 
war, no man can forecast, but so far as the iron and steel 
manufactures are concerned there is no doubt that 
every country will in future regard them as essential 
for its defence and progress. No peace which may be 
concluded, no matter what assurances may be given 
about the future, will make the great nations feel 
that they can safely dispense with precautions, and 
one of the essential precautions will be to see that 
ample provision is made for a large supply of munitions 
of war whenever it may be wanted. For this the active 
operation of large iron and steel works is necessary. 
Every great country will, therefore, in the future be 
called upon to give sufficient protection to its iron 
and steel manufactures to enable them to keep fully 
in operation. The attitude of the Governments to this 
industry will be different in future ‘from what it has 
been in the past. 

This attitude may, and probably will, have the effect 
of modifying the conditions which in the past have 
regulated and influenced the trade. Already in Great 
Britain a great organisation is at work which has as its 
object the federation of the industries of the Empire, 
and one of the avowed means of assisting this 
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federation is by the imposition of protective duties. The 
recent enormous extension of the electorate of Great 
Britain by which political power passes into the control 
of the working classes, male and female, may have 
unexpected results. The Labour Party is generally 
opposed to protective duties and it is probable that 
all the efforts of the protectionists will fail to carry 
through any genuinely protective policy. 

In Germany, even if that country retains Alsace 
and Lorraine, it will be many years before the crimes 
she has committed against humanity will cease to be 
a stumbling block in the way of her commerce. The 
unscrupulous way also in which she has in the past 
utilised her commerce for spying purposes, will also 
stand in her way. If she fails to retain Alsace and 
Lorraine, her iron and steel trade will be very greatly 
diminished and her mantle of prosperity transferred 
to France, but without this catastrophe she will find it 
very uphill work to regain her former position. France 
has been taught in a hard school the importance of iron 
and steel and has had to rely upon Great Britain for 
supplies in the war. If she gets Alsace and Lorraine 
back, she will become the greatest producer of iron in 
Europe, and be our greatest rival in the iron and steel 
trade. Poor Belgium will take long to recover from the 
war, but if restitution is obtained, she will, by virtue 
of her coal and her geographical position and the in- 
dustry and skill of her people, again become one of the 
principal producers of iron and steel. The United 
States of America have increased their powers of pro- 
duction so immensely that they are far out of reach 
of any possible competition as to quantity, and by 
carrying the manufacture to the ultimate product of 
motor car and machinery of all kinds, they are enabled 
to compete for foreign trade with European nations. 


CHAPTER XII 
THE WARRANT MARKET 


Tue difficulty in which the Scotch ironmasters found 
themselves in the early fifties when the price of their 
iron fell below 40s. per ton with no demand for a 
considerable portion of their output was met by an, 
endeavour to raise money upon their stocks. For this 
purpose they sold “scrip” to whoever would buy. This 
scrip was simply a promise to deliver a certain quantity 
of iron to the bearer on presentation of the scrip and 
on payment of the accrued charges for storage. When 
this had gone on for some time the makers found that 
there was some hesitation on the part of the buyers 
to accept scrip with only the security of the maker’s 
word that the iron existed. It left the door open to 
any firm in financial difficulties to raise money on 
scrip for iron which did not exist. In order to get 
over this difficulty and provide a security beyond 
question, they arranged to deliver the iron into a store 
owned and managed by an independent firm who should 
issue “ warrants,” undertaking to deliver the iron to 
the bearer of them. Thus began the system which has 
played such an important part in the iron markets of 
the world during the last fifty years. The Railway 
Companies have from time to time acted as storekeepers, 
but the principal firm whose warrants have become a 
marketable security all the world over is that of Messrs. 
Connal & Co., Ltd., of Glasgow and Middlesbrough, 
The warrants for Scotch iron were for 300 tons No. 1 
and 200 tons No. 3, and for Cleveland iron 500 tons 
No. 3. The storage charge is one penny per ton per 
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month and the cost of holding a warrant was there- 
fore the interest on the money invested in it and the 
rent or storage charge. These two items, with money _ 
at 5 per cent. interest and iron at 50s. per.ton, would 
come to 34d. per ton per month. The “ contango,” 
therefore, for warrants for delivery a month forward is 
usually about 3d. per ton, though with high prices and 
dear money it has been as high as 7d. per ton. The 
result of making. the warrants a negotiable security 
was that the banks were willing to advance money 
upon them up to within a few shillings of their market 
value, and this facility for borrowing money on them 
enabled the dealers to hold a large number at a merely 
nominal cost. An active trade in these warrants was 
at once set up and was the cause of the establishment 
of the Glasgow Iron Market, which for the last sixty 
years has been the centre of the commercial world in 
iron, dominating all other markets. The Scotch 
warrant store gradually increased until, in 1888, it 
contained over a million tons of pig iron. 

The ironmasters found that what had been a relief 
and a convenience to them, became when well estab- 
lished a whip for their backs. They had found an 
exceedingly easy way of selling their iron, but they had 
parted with the control of the market, and put that 
control into the hands of those whose interests were 
the opposite of their own. When the ironmaster 
previously wanted to sell his iron he knew that save 
for the competition of other makers situated like him- 
self he had no fear of the orders being taken from him, 
but now, when orders were going, his own iron in the 
store was offered against him by the warrant holders. 
So he found himself tied hand and foot to the warrant 
market. If he could have controlled that market in 
any way he still might have had some influence in the 
sale of the iron he was making, but this was impossible. 
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For every ton of his iron that he could offer probably 
four or five tons existed in the store, to be brought 
out at once if he attempted to get more than the warrant 
quotation., His only source of comfort was the fact 
that it is the supply and demand which ultimately rules 
the price and the supply is that quantity which can be 
obtained at a given price on a given day. Alter the 
price and the supply is immediately altered. Raise 
the price and the supply increases because holders of 
iron as warrants are willing to sell more, lower it ‘and 
the supply decreases. Thus, in spite of the loss of the 
market control, he managed to get along until he found 
that the warrant holders not only controlled the market 
but manipulated it also and that to his disadvantage. 
It was probably more than could reasonably be expected 
of dealers in a keen market in which profits were cut 
to the smallest fraction not to turn the market in 
their favour when they had the means in their own 
hands. For instance, when a manufacturer came into 
the market for a big “line,” was it not too much for 
human fallibility to refrain from putting up the price 
by buying warrants in the “ Ring ” and bidding high ? 
And when the manufacturer had bought could any 
objection be made to selling warrants at a low price and 
then covering the sale to the manufacturer at a hand- 
some profit. When one or two thousand tons judiciously 
bought at say sixpence or a shilling advance will land a 
ten thousand ton order at the top price, and one or two 
thousand tons sold equally judiciously will pull the 
price down to its old level the profit is not to be sneezed 
at. Of course it is essential to keep the buyer in the 
dark, and therefore the transactions must be well 
covered up by market rumours and reports to account 
for the movements in the price. The influence which 
the middleman by his command of warrants obtained 
was contrary to the interests of both manufacturer and 
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consumer. The manufacturer wanted to sell at a high 
price but the middleman wanted to buy at a low one, 
the consumer wanted to buy at a low price, but the 
middleman wanted to sell at a high one, and as a holder 
of warrants or a buyer of warrants he competed with 
both. The control of the market within the limits 
fixed by supply and demand fell into his hands and the 
supply or demand for iron could be increased or dimin 
ished by him because he could increase or diminish the 
supply of iron at any time by withholding or offering 
warrant iron. 

It may be objected that the merchant could not 
really alter the price of iron because that is fixed by the 
law of supply and demand which only takes actuality 
into account, that is, the actual quantity of iron avail- 
able and the actual demand for iron over a period rule 
the price. But it is this very power of increasing the 
actual quantity available by offering warrant iron or 
of decreasing that quantity by buying iron to put into 
store that enables the warrant holder to influence the 
market. It is only in times of great market move- 
ments, of exceptionally good trade, or of endeavours 
to “corner ’’ the market that this powerful weapon of 
the warrant holder has been used to its full extent, 
but in ordinary times it is employed to influence the 
market within the legitimate range of prices. There 
are always limits within which a buyer will not hesitate 
to buy or a seller hesitate to sell. For instance, if the 
price of iron without any artificial influence were 50s. 
per ton, and if by the artificial influence of warrants 
the price were raised to 51s. or lowered to 49s. not a 
single genuine transaction would be stopped. In this 
case the margin for negotiation is 2s. per ton, but in 
some cases with high prices and good trade this margin 
may be 10s. or even 15s. 

The effect of the creation of warrants was to import 
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into the trade a very convenient gambling counter 
which still further confused the issue between maker 
and consumer of iron. The dealings in warrants soon 
became quite disproportionate to the number in 
existence, and iron became a great medium for specu- 
lation. Men who had never seen a “ pig” in their 
lives and would not have recognised one if they had met 
it in the street, bought and sold thousands of tons for 
which they had neither need nor use. The result was 
that all market movements were exaggerated. If the 
opinion was that prices would go up everyone rushed 
in to buy, and prices were sent up much higher than 
they otherwise would have gone, and if the opinion was 
that prices would go down everyone sold and prices fell 
beyond reason, The sole interest of the speculators 
is to have many ups and downs in the market, many 
changes, whereas for the genuine trader a steady market 
with few changes is the best. 

The great centre of all this trade and speculation is 
the Glasgow Iron Market, which 1s carried on by members 
of the Scotch Pig Iron Trade Association and under its 
rules, The market itself is held twice daily from 
eleven to twelve and two to three o'clock in a corner 
of the Exchange, the ‘‘ Ring” being a number of chairs 
set in a circle, upon which the members sit or behind 
which they stand. A photograph of the market in session, 
taken by kind permission of the Association, is given 
on page 82. The sitting is closed on the stroke of 
the hour by the ringing of a bell and the last offer and 
bid fix the official prices of buyers and sellers which are 
immediately posted up. When no bid or offer has been 
made the Secretary of the Association fixes the prices. 
At the end of the morning sitting the secretary fixes 
the settlement price for all transactions due for com- 
pletion that day and such completion must be made 
by one o'clock. It will be easily seen that this system 
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may be abused. If a member wishes to have a low 
or a high price quoted in the official list without com- 
mitting himself to a transaction he may call out a low 
offer or high bid just on the stroke of the hour, giving 
no one a chance of accepting it before the bell rings. 
His bid, or offer, fixes the buyer’s or seller’s price though 
no business has been done at it. 

The temptation to members of the ring to manipu- 
late the market by various devices could not well be 
resisted, and at last the ironmasters of Scotland came 
to the conclusion that the existence of the warrant store 
did not conduce to their interests, and they therefore 
declined to continue sending their iron into it. The 
store was therefore gradually depleted over the years 
1900 to 1907, and practically disappeared during the war. 

The market in Scotch warrants has consequently 
ceased to exist, but there remains the store of Cleveland 
iron on the Tees, and this has taken the place of the 
Scotch in the speculative market. The position of 
the works in Cleveland differs from that in Scotland 
by the principal ones being on tide-water in the Tees, 
and in order to put the stores into the same position 
as the works as regards delivery, they also are on 
tide-water. The Cleveland warrant stores were not 
established for the same reason as the Scotch ones were. 
In the great boom years of 1872 and 1873 the demand for 
iron caused the warrant stores in Scotland to be almost 
emptied and the speculative market was hampered for 
want of the necessary counters in the form of warrants 
to gamble with. The “ bears” were in constant dread 
of being “ cornered ”’ because it was not difficult to buy 
up all the warrants and, in order to increase the supply 
of these, attention was turned to Tees Side, where an 
increasing quantity of iron was being made. First the 
Railway Company opened a store in Middlesbrough 
and then a private limited company was formed, but 
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the warrants of these companies did not meet with 
ready acceptance. It was not until 1876 that the 
warrant store in Middlesbrough became firmly estab- 
lished, when Messrs. Connal & Co., Ltd., the pro- 
prietors of the Stores in Scotland, came to Tees Side. 
The quantity in the store has fluctuated very greatly, 
being once reduced to 7,000 tons, but has been re- 
duced to below 500 tons since the war began. There 
are two places at which the iron 1s stocked, one at 
Middlesbrough, to which any of the works can send 
iron, and one at South Bank, near the Cleveland and 
Clay Lane works, to which iron from these works only 
can be sent. As the cost of sending iron to the Middles- 
brough store 1s considerable, varying from 9d. to Is. 6d. 
per ton, and as the works at South Bank can send their 
Iron in without any cost to the store there, the ten- 
dency 1s for the store at South Bank to increase and 
for iron from all other works to go into consumption. 
At one time only No 3 iron was stored at Middles- 
brough, and the Glasgow market accepted warrants 
for all brands classed as G.M.B. When the store was 
nearly exhausted some years ago, the Glasgow market 
agreed to accept warrants for what they called 
“standard ” iron, in order to provide the necessary 
counters for speculation. “Standard’’ iron was 
defined as certain brands of iron which included 
Lincolnshire, Northamptonshire and even American 
makes, and iron with a certain analysis with fixed differ- 
ences for different qualities. But as anyone buying 
“ Standard” iron did not know what quality of iron 
he would receive nor where delivery would be given 
the market in these warrants practically died out. 
This result shows that it is impossible to gamble in 
industrial things without a substratum of real trade. 
Gambling may be the froth or scum, but there must 
be good liquor or good metal underneath It is because 
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no one bought standard warrants for consumption of the 
iron they represented that no business is done in them. 

The market position is a distinctly humiliating one 
for the Cleveland ironmaster, who goes to his Exchange 
twice daily to find out what price has been fixed for his 
iron in Glasgow by somebody who has bought 500 tons 
of warrant iron which he does not want from somebody 
who has not got it. 

For some years the hematite iron-makers of Cleve- 
land also used the warrant stores, but they, like the 
Scotch makers, found it not to their advantage and they 
discontinued sending in their iron. The hematite 
makers of Cumberland still use it, and their warrants 
are quoted in Glasgow, though the actual transactions 
are not numerous. 

The question of warrant stores cannot be dismissed 
without pointing out that they have at times and under 
certain circumstances served a useful purpose. They 
have enabled the manufacture of pig iron to go on in bad 
times when works would have stopped if accumulating 
stocks could not have been disposed of or pawned. It 
may fairly be said in reply to this that such works were 
being carried on with too little floating capital, and that 
is true, but in a new industry it is not always possible 
to obtain sufficient capital to tide over a time of depres-. 
sion, Then in the case of consumers, sometimes makers 
are not willing to make contracts a long time ahead, 
and if, say, a pipe-maker makes a contract to deliver 
pipes, as he sometimes has to do, over two or three years, 
he cannot cover his sale by buying his pig iron from 
the producer. But he can buy warrants up to the full 
quantity of his requirements, and the only extra cost 
he is put to is the cost of “ carrying” them until he 
wants the iron, and this he can provide for in his quota- 
tion for the pipes. One result of the control of the 
Cleveland market in Glasgow has been that contracts 
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are now made for shorter periods than formerly, six 
months or so forward being a usual limit. In the early 
days in Cleveland it was quite usual to make heavy 
contracts for twelve months and even eighteen months. 
The Glasgow merchants point out that it is not fair to 
blame their market for unsatisfactory prices, because 
the warrant market has frequently been the means 
of raising and maintaining prices, but this is only another 
way of saying that the consumer as well as the producer 
has contributed to their maintenance, It must not be 
supposed that the Glasgow market has no legitimate 
reason for existence, all that has been said is in criticism 
of the use of iron as a medium for speculation and 
market manipulations. The enormous increase in the 
use of iron in modern times has been brought about 
by two factors, cheapness and quality. When iron 
was {20 a ton it was too dear to use for most of the 
purposes it serves to-day, when it was reduced to {2 
it found new outlets in every direction. So if by inter- 
posing expensive methods of trade between producer 
and consumer its value is raised the demand for it will 
not be so great. There is a legitimate office for the 
merchant to fill in bringing maker and user, now far 
apart, into contact, but where no such office exists the 
middleman is but a parasite on trade. This legitimate 
office is well filled by many of the large merchant firms 
of Glasgow and Middlesbrough, whose branches and 
agents are found in every part of the world, and whose 
integrity and business ability are recognised wherever 
iron is bought and sold. 


A “ CORNER’’ IN WARRANTS 


In connection with the warrant market the famous 
corner in iron in 1905 may be briefly referred to, and 
this will give a very good idea of what is meant by 


illegitimate trading. 
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In the summer of 1904 the stock of Cleveland iron 
in the warrant store was comparatively low, and a 
merchant firm in Middlesbrough thought there was an 
opportunity of ‘cornering’ the ‘“‘bears.’’ Accord- 
ingly they commenced to buy warrants at three months 
in-Glasgow. The operation was at first not suspected 
by the market. As the iron became due the operators 
“carried” the warrants instead of taking delivery. 
The price in the early part of October was 43s. per ton, 
and the stock was 94,889 tons. As the buying con- 
tinued the price of warrants rose steadily and the stock 
of iron increased, as more money could be obtained for 
iron in the store than from consumers. The demand 
for consumption fell off, and when the price for warrants 
at three months rose to Is. 6d. per ton above the prompt 
price for makers’ iron some of the makers sold warrants 
at three months and arranged to store the iron before 
the warrants became due. When the endeavour to 
“corner’’ the market became evident in the early 
part of 1905 the operators had succeeded in buying 
two or three or more times the quantity of iron in store 
at that time. The store had increased by 20,000 tons 
in October, 34,000 tons in November, 41,000 tons in 
December, 47,000 tons in January and 40,000 tons in 
February, by which time there were 276,725 tons in 
stock. The price had risen from 43s. in October to 
46s. in November, 51s. in December, and after a set-back 
in January and February, reached 52s. in April. The 
fight now began in earnest. The operators refused to 
“carry”’ purchases beyond the 19th of May, and 
soon became evident that that date was fixed for closing 
the operation. The price mounted up daily and frantic 
efforts were made by the “ bears” to get iron into the 
store to implement their contracts. All genuine trade 
was at astandstill. Keels to carry the iron to the store 
became unobtainable, the railway sidings were blocked 
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with traffic to the store, iron was even brought back 
from Scotland to be putin. In March the store increased 
by 59,000 tons, in April by 62,000 tons, and in the first 
nineteen days of May by no less than 81,000 tons, so 
that on the settlement day there were 478,009 tons in 
store. The operators had to take over 460,000 tons 
of warrants and they received differences, which from 
the commencement of the operation amounted to about 
12s, per ton, on a large quantity which the ‘“ bears” 
failed to deliver. The settlement price on May 19th 
was 54s. 9d. per ton, and at the next market warrants 
were offered at 46s. per ton. The corner had succeeded, 
it had compelled the “ bears” to pay large sums to the 
operators as differences for iron they had sold and 
could not deliver. But it was a barren victory. The 
operators had received a large sum of money but they 
had to “ carry the baby ’’—the whole stock of warrants. 
The sore “bears” naturally declined to do anything 
towards relieving them, and in order to get rid of the 
warrants they had to sacrifice the money they had 
received. They ultimately got out without any loss, 
but practically without any profit. For the time being 
the whole trade was disorganised, orders for iron were 
lost, markets were’ thrown into confusion, legitimate 
business was neglected, everybody was worked to 
distraction and all because one set of men had sold 
what they did not possess and another had bought what 
they did not want. The operation resulted in no 
increase of wealth, it merely transferred a certain 
amount of money from one set of pockets to another, 
in fact, it differed in its effect in no single point from 
pure gambling. 


CHAPTER XIII 


PROTECTIVE POLICIES AND COMBINATIONS 
OF MANUFACTURERS 


IT has been suggested that the change in the relative 
position of the three great iron producing’ countries 
of the United States, Germany, and Great Britain, has 
been influenced if not brought about by the policy of 
protecting the home market by import duties which is 
pursued by the two former. Without entering into 
any argument upon what has unfortunately become 
a political question, a few facts bearing on it may be 
mentioned. With regard to Germany it is sufficient 
to repeat what has already been said, that the develop- 
ment of her enormous resources of cheap ore in Elsass- 
Lothringen is due to the basic process of steel-making. 
Without that process this ore would have been of 
little use ; with it steel can be made as cheaply if not 
more so than in any other country. No one can say 
whether this great field of ore would have been developed 
more or less quickly if the home market for iron had 
not been protected ; but that it would have been developed 
is absolutely certain—men do not find gold in a mine 
and leave it there. 

With regard to America there are two facts to be men- 
tioned. First, it was a physical impossibility for Great 
Britain to supply America with the increased quantity 
she required, even if America had been willing to buy 
from us rather than develop her own resources. Second, 
the cost of delivering British iron even to the Eastern 
States in competition with local iron is in ordinary 
times prohibitive, even if no import duty is levied. 
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Iron is made in the Southern States at about the same 
cost as in Middlesbrough, and at the Mahoning and 
Shenango Valley furnaces at a few shillings more. Is it to 
be imagined that the Americans would be so foolish as to 
refrain from making iron at these costs and pay us 10s. to 
£1 per ton more for our iron which is no better thantheirs? 
America, in times of scarcity of iron, draws upon Europe 
to supplement her own supplies and, with a duty, she 
comes later than she would without one. But her own 
works have been built and her output increased because 
she wants the iron and can make it more cheaply than 
we can deliver it, duty or no duty. 

The whole question of competition in the iron and 
steel trades is one which cannot be adequately dealt 
with in the space available here, but the outlines of it 
may be generally indicated. Dealing first with the 
outside markets it is to be borne in mind that there is 
no such thing as national competition, though national 
pride may enter into the contest between individual 
firms of different nationalities. The competition for, 
say, an Australian or South American order is not 
between Germany and England and America, but 
between various manufacturers, some of whom are 
German, and some English, and some American. Each 
of these manufacturers tries to put himself into the 
best possible position for taking the order, and it is 
the methods which he is able to adopt to this end which 
distinguish the nationalities. The competition which 
each manufacturer has to consider is of two kinds. 
There is the competition of firms working under the same 
conditions and in the same country, probably paying 
the same wages and using the same raw material in 
the manufacture as himself, and there is the competition 
of firms working under different conditions, helped or 
hindered by governmental rules and imposts or the 
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absence of them, in another country. The one he calls 
home, the other foreign competition. In a perfectly 
untrammelled, unorganised condition of the producers 
he would be unable to eliminate any of this competition 
and would have to quote a price that would leave him 
the smallest amount of profit that he was willing to take, 
or, if he were badly off for orders to keep his works 
going, a price which at the worst would leave him a loss, 
but a smaller loss than he would suffer if he allowed 
his works to stand. Supposing that the works in all 
the countries producing the particular goods were 
capable of turning out more than there was a demand 
for, the price under open competition would be kept 
at about the average cost of production, the most 
favourably placed works making a profit, the least 
favourably placed making a loss and in time being 
obliged to stop. But if the manufacturer can arrange 
with all his competitors to decide beforehand which 
of them shall take the order, he can ensure a better 
price being paid by the buyer, and therefore one which 
is higher than some of the manufacturers would have 
been willing to accept. This is the arrangement to which 
the makers of rails have come who are members of 
the International Rail Association, which comprises 
all the large rail firms in the world. When a large rail 
order is in the market the “ Rail Pool,” as it is called, 
holds a preliminary competition for the order and takes 
tenders for the right to quote the lowest price. The 
Pool fixes the price to be quoted, and the firm offering 
the rails to the pool at the lowest price is told to quote 
that price, all the unsuccessful firms being instructed 
to refrain from competing or to quote a higher price. 
The firm which gets the order has to pay into the Pool 
the difference between the price it quoted to the Pool 
and the price it receives. These differences are divided 
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up among the members of the Pool so that a member 
receives for an order the price he quoted to the Pool 
plus his share of the surplus. There are other qualifying 
rules as to markets in different countries, but this is 
broadly the principle upon which the Association is 
based. 

This arrangement eliminates all competition, and the 
only point that the members have to consider is that 
the prices quoted shall not be such as to induce outside 
firms to take up the manufacture of rails. 

If, however, such a complete combination cannot be 
effected the manufacturer may be able to make an 
arrangement with the other manufacturers in his own 
country to eliminate all home competition. It is 
because it is much easier to combine makers of an 
article in one country than in many countries that such 
combinations have become so numerous as to give the 
impression that competition is national and not in- 
dividual. The German syndicates in the iron and 
steel trade, are examples of combinations for the 
elimination of home competition, but in no case do they 
provide for meeting foreign competition. Only when 
they embrace all the makers of the particular goods 
they represent can they be completely successful ; 
when only a portion of the makers are combined they 
can only be successful where they have distinct advan- 
tages, say a near market, over the rest of the makers. 
The present Stahlwerks Verband and the Pig iron 
syndicates, which were abandoned at the end of 1908, 
practically included all the makers. The former deals 
with nearly all the raw and semi-finished steel made in 
Germany. This is divided into two classes, A products, 
which comprise the heavy materials such as semi- 
finished steel, rails and rolled railway material and 
shapes, and B products, which comprise merchant bars, 
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flats, rounds, hoops, wire, wire-rods, plates, sheets, 
castings, forgings, axles, wheels, etc. The management 
is in the hands of a committee representing the various 
works who meet monthly. The commii.ee buys from 
the works and sells A products direct to the consumer 
except for very small orders and special qualities of 
steel. The B products are bought by the committee 
and sold to subsidiary syndicates under stringent con- 
ditions. Disputes are settled by arbitration. When 
the home trade is insufficient to absorb the output the 
syndicate is, as our American friends would say, “ up 
against ’’ the competition of makers in other countries, 
and in order to obtain orders for the surplus unmarket- 
able at home a heavy concession in price has to be made. 
To cover this the syndicate gives a bonus to the manu- 
facturers who are allotted foreign orders, varying it 
according to the state of the market. This bonus 
comes out of the profit of the home orders, 

The United States Steel Corporation is an example 
of another form of combination for the elimination of 
home competition. It is the least effective form because 
it includes only a portion of the production. The 
Corporation was formed by the amalgamation of a 
number of large firms commanding a large proportion 
of the trade. It was necessarily handicapped in capital 
to start with, as very large sums had to be paid for some 
of the works to induce the owners to part with them. 
It possesses large resources in raw materials, and in 
that respect has a great advantage over most of the 
firms outside it. In fact, its power and influence on 
the trade is based on its command of raw material 
which enables it to manufacture at a lower cost than its 
‘competitors. It cannot dictate to the trade but it 
can exercise powerful coercion. Similar Combinations 
to this in England are the Salt Union and the United 
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Alkali Company. Combinations of manufacturers of 
iron are by no means confined to Germany and America. 
Many branches of the iron and steel trades in Great 
Britain are controlled by syndicates. Quite recently 
the following paragraph appeared in the Yorkshire Post 
(November 25th, 1910) : 

“An Edinburgh correspondent reports that, after 
protracted negotiations, the Scottish malleable iron- 
makers have concluded an agreement for the regulation 
of the output. Makers are to be allocated a certain 
output, both for home trade and export, a payment to 
be made into a pool in the event of the allotment being 
exceeded, and compensation being received therefrom 
if the output falls below. Asa preliminary step, export 
prices have been raised by 5s. per ton, but still leaving 
them from 7s. 6d. to 17s. 6d. per ton under the official 
minimum prices quoted at home.” 

From this it will be seen that the usual accompaniment 
of the formation of a syndicate, a rise in prices, is not 
absent, but the most striking point is the evidence of 
a lower price being charged to the foreigner than to the 
home consumer for the same goods. 

The country which suffers most from—or whose 
trade most enjoys the advantage of—syndicates is 
Germany. Ifthe coal and ore in the ground are regarded 
as the starting-point of the trade and the highly-finished 
and complete product of iron or steel as the end, no less 
than seventy-five to eighty syndicates are concerned 
in the manufacture and sale of the articles of this one 
trade alone. The cause of this may be that Germany 
has gone farther on the road of the organisation of its 
industries than other countries, or it may be that there 
is something in the character or training of Germans 
which makes these syndicates more necessary for them 
than for others. Their habits of obedience drilled into 
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them during their military training certainly render 
them less self-reliant individually than Britons or 
Americans are, and they work more effectively in com- 
bination and in mass. Perhaps it is only another form 
of the controversy of Line v. Column, and if that is so 
the Line is bound to win, but the conditions are not 
quite the same. 

The first syndicate formed was that of coal, which be- 
gan in Westphalia in 1878. The origin of it was the 
same as that of so many others of its kind, unremunera- 
tive prices. It gradually developed and ultimately took 
the form it now has in 1893, being renewed from time to 
time. This syndicate takes the form of a company of 
which the constituent mines hold the shares. The 
mines bind themselves to sell all their saleable output 
to the company except that for local consumption 
The syndicate can sell coal from other mines by arrange- 
ment. The market is divided into districts, and separate 
selling offices in each district regulate the retail prices. 
In order to prevent outside competition the syndicate 
compelled customers to pay a fine of sixpence per ton 
for all coal not bought from it, but in 1907, when the 
syndicate could not supply all the demand, this rulewas 
relaxed. Prices were fixed for a year from Apr ilo 
Apnil, but this led to great difficulties in a falling market 
and has been modified, but the consumer has no option 
and must take what the syndicate will give him. The 
result has been that the large iron and steel works 
rather than remain at the mercy of the coal syndicate 
bought collieries for their own supply, reserving the 
coal required for their own use and sharing in the profits 
of the syndicates’ sales. 

Pig iron, intermediate between the coal and the 
finished steel, has been ruled by syndicates which, until 
they came to an end in 1908, worked together. These 
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were the Diisseldorf syndicate for Rhenish Westphalia ; 
the Luxemburg ; the Siegen; and the Upper Silesian 
Syndicates. There were several reasons for the break- 
up of these combinations. An important one was 
the opposition of the Kraft works at Stettin, which 
draw all their supplies of raw material from abroad, 
and which refused to join. Another was the opposition 
of the great merchants who found themselves being 
pushed out of the business by the directors of the syndi- 
cate who tried to deal direct with consumers. It should 
be explained that in Germany the greater part of the 
trade in iron passes through the hands of four great 
firms of merchants, most of whom are also interested 
in certain of the large works. When it was found 
impossible to renew the syndicates in the old form an 
arrangement was made in Westphalia called a “ Verkaufs- 
Vereinigung,” or Selling Association, by which the make 
of iron and the sale of it is controlled. An endeavour 
was made to include Luxemburg in this arrangement, 
but it failed, and the whole output of iron in that district 
has been bought by the merchants in question for a 
period. The main idea with these new arrangements 
is to keep out foreign, 1.¢., British iron, and to preserve 
the German market for the German maker, exporting 
any surplus output at any price it will fetch. 

The conflicting interests of the various districts, the 
opposing interests of various firms, the great difference 
in the qualities of the product and other reasons render 
it improbable that any permanent combination of the 
makers of pig iron can be brought about. But the 
syndicate which has been the most successful in Germany 
is that of the steel works, which has already been referred 
to. An interesting article appeared in the Iron and 
Coal Trades Remiew of August 26, 1910, by its Diissel- 
dorf correspondent upon the future of the German 
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steel industry. The writer referred to the way in which 
the syndicates affect the trade. He showed how, 
starting at the coal syndicate, collieries were amalga- 
mated with steel works so as to avoid the operations 
of the syndicate, how steel works making raw steel had 
been forced on by the syndicate to make more highly- 
finished steel, and how the tendency of the syndicate 
was to force these into making still more highly-finished 
goods so that they could make these goods freely 
without the intervention of the syndicate. It would 
appear from this that the syndicate is losing its import- 
ance to the large combined works, that is the works 
which, having their own coal, manufacture highly- 
finished steel from their own raw material. Notwith- 
standing this, the syndicate was renewed with modifi- 
cations of the allotments to the various works in 1912, 
and has continued in force since. One important 
feature of syndication is that it props up the weakest 
firms and puts them on the same level as the strongest 
in the market. The strongest and best firms are handi- 
capped by being tied down to the same selling conditions 
as the feeblest, and can only mend their position as 
the German firms are doing by taking up higher branches 
of the trade—and waiting for the end of the 
syndicate. 

The tendency of all syndicates is to try to make 
their control more effective. The perfect syndicate is 
that which without fear of interference can dictate its 
own terms to the trade. It aims at supreme power 
and is never quite satisfied with less. It is this striving 
after completeness and autocracy which led to the 
suggestion which Mr. Gary, the able President of the 
American Steel Corporation, placed before the members 
and guests of the American Iron and Steel Institute at 
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their recent meeting in New York. Mr. Gary suggested 
a combination which should embrace all the makers 
of iron and steel in the world and control all the output. 
The argument was that competition between makers 
of iron is out of date and does not increase the demand 
for iron. It should be eliminated by agreement among 
the makers to fix prices. Open competition has no other 
result than to compel some makers to sell their iron at 
a loss. The making of iron is not a philanthropic duty, 
and the first necessity is that the maker should receive 
his just reward. It is not fair that a user of iron should 
pay less for it than it has cost, and the makers should 
not allow him to do so. Both the makers and users 
of iron are equally interested in the trade, and the users 
may safely leave their interests in the hands of the 
makers because it is not in the makers’ interests to 
charge the users an exorbitant price, since that would 
reduce the consumption. It is a great conception 
arising naturally out of such organisations as the Rail 
Pool, and the Stahlwerksverband, but the difficulties 
which arise in attempting to carry it out are very 
great. The difficulties which the Stahlwerksverband 
met with in arranging matters with its members in 
1912 were only surmounted after much trouble ; the 
difficulties of a world-wide Stahlwerksverband would 
be immeasurably greater. 

With regard to Mr. Gary’s suggestion that the interest 
of the buyer of steel may safely be left with the seller, 
if the millennium were close at hand and casting its 
shadow before it one might conjure up a little faith in 
the possibility of the lion and the lamb lying down 
together without any unfortunate result. But until 
human nature alters a good deal it is hard to believe 
that when two men bargain together and one has all 
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the advantage a “square deal’’ will result. That can 
only arise when both dealers are free agents and on 
even terms. Mr. Gary himself may have high ideals 
and be able to treat a “‘ tied house ’’ fairly and justly, 
but it is not possible for him to guarantee that all the 
men with whom he would be associated in Europe and 
America would do the same. It is perhaps only neces- 
sary to turn to the legislative enactments of the Govern- 
ment under which Mr. Gary lives to find the strongest 
condemnation from the national point of view of his sug- 
gestion. The Anti-Trust laws of the United States are 
the outcome of the tyranny exercised by combinations 
of manufacturers or distributors over the consumers. 
Can it be said that a combination of world-wide exentt 
possessing absolute power would deal with its customers 
with more fairness, impartiality and strict justice than 
the smaller trusts confined to the United States and 
having foreign competition to meet have done ? 

The question of syndicates, their advantages and 
disadvantages, is worth looking at from different stand- 
points. First naturally comes that of the producers 
who combine. They are engaged in an industry which 
employs a large number of men whose daily bread at 
well as whose higher interests depends upon it. Is 
would appear to be not only justifiable but highly desi- 
able that this industry should be protected as far as 
that can be done from those vicissitudes of trade which 
bring distress and loss to those engaged in it. This 
can only be done by refusing to sell at prices which are 
unremunerative, and only by an agre:ment among all 
the makers can such a course be effective. Thus the 
interests of those engaged in the trade is the real reason 
for combination. The question therefore is, does com- 
bination really and truly advance the interests of those 
engaged in the trade? There is not much doubt that, 
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in its first effect, it does. Take any well-known case, 
say the Rail Makers’ Association, where the price of 
rails has been maintained at a remunerative figure in 
spite of. a potential output largely in excess of the 
demand, and it must be acknowledged that without 
the syndicate the price of rails would have been reduced 
to a ruinous figure for all concerned in the manufacture. 
But although the law of self-preservation is as cruel in 
trade as it is in life the effects of suspending it or inter- 
fering with its operation are not always immediately 
visible, and results quite unlooked-for may occur in the 
one province as they have in the other. It is well, 
therefore, while acknowledging the immediate benefit 
of syndication to the manufacturer to consider some 
of the results of it which are longer in appearing. It is 
one of the recognised effects of a high return for money 
invested in an industry that capital naturally flows in 
its direction with the result that in time the return on 
the investment is lowered until it comes below that of 
similar investments and capital ceases to flow towards it. 
If, therefore, profits in the iron trade are kept abnor- 
mally high by prices being artificially maintained 
through syndication, capital should be attracted towards 
iron-making. When the position of Germany in regard 
to iron and steel is looked at impartially it will be 
recognised that this is what has happened. If syndica- 
tion had taken the form of an amalgamation of interests, 
as in the case of the Steel Corporation in America, 
there would have been some inducement to be cautious 
in making and marketing more material than was 
1equired, but in the case of the pig iron syndicates and 
the Stahlwerksverband of Germany, every separate 
firm composing these combinations was desirous of 
increasing its own individual output so as to get a larger 
share of the profits which the prices gave than it was 
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receiving. The consequence has been that new plant 
has been put down and the output increased wherever 
that has been possible and without any regard to the 
possibility of marketing the goods. At the present 
time the output of iron and steel is increasing steadily, 
and on the expiry of the Stahlwerksverband in 1912 
the impossibility of satisfying the claims for larger 
allotments will probably result in the break-up of the 
combination. If that happens, prices will fall heavily, 
the return on capital will come down and extensions 
will cease because the trade will no longer attract 
investors. 

It would, therefore, appear to be imperative in the 
manufacturers’ own interests that syndications should 
not result in abnormal prosperity which will exist only 
for a time and give place to losses and disasters, but 
that the prices fixed should only be such as will give 
profits equal to but not larger than are obtainable in 
other similar industries. The policy should be a pro- 
tective one to prevent losses, to maintain the trade, to 
keep prices steady, not one to make large profits 
regardless of others or to extend the trade at all hazards, 

The point of view of the consumer with regard to 
syndicates is naturally the opposite of that of the 
manufacturer. To him they are unmitigated evils 
which prevent him making a bargain and securing more 
profit for himself. And there can be no question that 
in the main he is night. He has to take all the risk of 
the rise and fall of the market in the goods he sells, but 
it is probably all rise and no fall in what he buys. His 
only remedy is to syndicate for himself and put up his 
own price to his buyer, and so syndication goes on until 
the actual consumer is reached—and even he syndicates 
by join‘ng a co-operative society, which is merely a 
syndicate of buyers. But if a syndicate is far-sighted 
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and looks to its own interest in the future as well as in 
the present it will not squeeze its clients so hard as to 
drive them out of the trade, and it may even make itself 
welcome to them by steadying markets and making 
trade more regular and reliable. 

There i, another point of view which, while embracing 
both that of the seller and buyer, takes in a wider horizon. 
This is the view from the standpoint of the nation or 
even of the world. Buyer and seller are but parts of 
the machinery which supplies the material wants of the 
whole people. All that is necessary from this stand- 
point is to hold the balance even between the various 
interests, and any schemes which give an unfair advan- 
tage to any interest, be it of seller or buyer, producer 
or consumer, maker or user, must in the interests of the 
whole community be discouraged. Therefore the 
United States Government prosecutes the Oil Trust 
because it deals unfairly with the consumers of oil, 
and makes laws to prevent the control of trade being 
used against the interests of the people as a whole. 
From the national point of view, all combinations are 
endeavours to benefit a few people at the expense of all 
the rest, and that cannot be in the national interest. 
More especially are such combinations harmful when 
they sell their products abroad at a lower price than is 
charged to the home consumer. Supposing that goods 
are exported which have cost £1,000, which in labour 
would be represented by 4,000 days’ work, but instead 
of being sold for £1,000 they are sold for only £900. 
The goods which have to be imported to pay this £900 
will only represent 3,600 days’ work, so that the nation 
spends 4,000 days’ labour in exchange for 3,600 days’ 
labour of the foreigner. No only that, but if a home 
customer wants the same goods and is charged £1,100 
he has to expend the value of 4,400 days’ labour to pay 
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for them, so that the buyer at home spends 800 days’ 
more labour for the same goods than the foreigner. 
As labour is a national asset this is a waste of national 
resources, 

It is not safe to prophesy even where there are few 
possibilities, and on such an intricate subject assyndicates 
it would be foolish to attempt to forecast the future, 
One or two considerations may, however, be mentioned. 
When the private interests of a firm have clashed with 
those of the public at large it has never happened that 
the public interests have been alone considered, in fact, 
from the firm’s point of view, it would be traitorous to 
consider any other than its own. It seems to follow 
from this that syndicates will not only survive but 
become more general. But as the United States 
Government has found it necessary to legislate for the 
protection of the public against Trusts it will probably 
be necessary, as Trusts become more numerous, for other 
Governments to do the same, and this could only result 
in popular ,condemnation of syndicates and all their 
ways. Thus there would arise constant antagonism 
between the State and the syndicates which would 
probably have no definite result. The State, however, 
would be greatly handicapped in any attempt to pre- 
vent unfair advantage being taken by any combination 
of manufacturers unless the power of the combination 
were pushed to very extreme limits, — 
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Foreign Exchanges, Arithmetic and Practice 
of the. By A. G. Suaa, Cert. ALB. . . Net 86 
Foreign Trade, The emance of 
By W. F. SPALDING : : ; . Net 7/6 
Functions of Money, The 
By W. F. SpaLDING ‘ ’ > . Net 7/6 
London Money Market, The 
By W. F. SPALDING ; S » Net 10/6 
Money, Exchange, and Banking 
By H. T. Easton, A.1.B. : . Net 6/- 
The Money Machine 
By Francis WHITmMorE, B.Com. ; ‘ . Net 5/- 
Practical Banking 
By J. F. G. Baasnaw. Cert. A.L.B. Net 7/6 
Principles of Banking, Currency, and Foreign 
Exchange. 
By R. H. Kina, Cert. ALB. . Net 65/- 
Securities Clerk in a Branch Bank, The 
By F. J. Lewcock, Cert. A.I.B., A.C.LS. . Net 7/6 
Theory and Principles of Central Banking, oo 
By Wit1i1aM A. SHaw, Litt.D. : 12/6 
Theory and Practice of Finance, The 
By W. CoLLIn BRooks . . . Net 10/6 


Title Deeds Old and New 
By Francis R. SLEap. : s : . Net 5/- 
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INSURANCE 


Actuarial Science, The Elements of 


By R. E. UNDERWOOD, M.B.E., F.LA. . . Net 
Average Clauses and Fire-Loss Apportion- 
ments. - By E. H. Minniov, F.C.11. . . Net 


Building Construction, Plan Drawing, and 
Surveying in Relation to Fire Insurance 


By D. W. Woop, M.B.E. : ‘ , . Net 
Burglary Risks 

By EH. H. Grout, B.Sce., A.C.1.1. : ; . Net 
Business Man’s Guide to Insurance, The 

By A. PHILPOTT. ° . ; , . Net 


Casualty Insurance 
By C. J. Cropavag, M.A., and A. E. Reppine, B.S. Net 


Compound Interest, Principles of 

By H. H. EDwarps ‘ , . Net 
Dictionary of Accident Insurance 

Edited by J. B. WEtson, LL.M., F.C.L1., F.C.LS. Net 


Fire Extinguishment and Fire Alarm Systems 


By R. NorTHwoop : , . Net 
Fire Insurance, Common Hazards of 

By W. G. KUBLER RIDLEY, F.C.1I. ‘ . Net 
Fire Insurance, Dictionary of 

Edited by B. C. REMINGTON, F.C.I.1. ‘ Net 
Fire Insurance, Principles and rrecuee of 

By F. GoDWIN ‘ ‘ - Net 
Fire Insurance, The Law of 

By J. Row.art, B.A. : : . Net 
Fire Policy Drafting and Endorsements 

By W. C. H. DaRtEyY . . . . Net 
Fire Waste. By G.E.Knayv. . .  . Net 
Guide to Marine Insurance 

By HENRY KEATE . ; ; ‘ - Net 
Insurance 

By T. E. Youna, B.A., F.LA., F.R.AS, . ~ Net 


Insurance Office Organization and Routine 
By J. B. Wetson, LL.M., Sa, ere and F. H. 


SHRRRIFF, PLA. . Net 
Insurance of Profits. By A. @. Mice . Net 
Insurance of Public Liability Risks 

By 8S. V. Kirkpatrick, F.C.L.I1. , ‘ - Net 
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PRICE 


5/- 


8/6 


6/- 
10/6 
3/6 
20/- 
5/- 
60/- 
7/6 
5/- 
30/- 
5/- 
7/6 


27/6 
2/6 


3/6 
10/6 
7/6 
5/- 
5/- 


Insurance—contd. 
Law and Practice as to Fidelity arantee 


By C. Evans and F. H. Jonrs , . Net 
Law of Accident and Contingency fnauraics 

By F. H. JoNEs .. ; . Net 
Law of Negligence 

By J. B. WEtson, LL.M., F.C.LI1., F.C.1LS. . Net 


Life Assurance from Proposal to Policy 
By H. Ilosxrne Taytor, F.I.A., A.C.LL, aang V. W. 
Ty er, F.LA. . Net 


Life Assurance, Dictionary of 
Edited by G. W. CEMOND: F.1.A., and F. H. SHERRIFF, 


FIA. . ‘ ; Net 
Life ecataaea: Guide to 

By S. G. LeteH, F.LA. . ; ’ ‘ . Net 
Marine Insurance of Goods, The 

By F. W. S. PooLe : ‘ : ; . Net 
Motor Insurance. By W.F. Topp . Net 


Pension and Superannuation Funds, Their 
Formation and Administration Explained 
By BERNARD ROBERTSON, F.I.A., and H. SAMUELS Net 


Pension, Endowment, Life Assurance, and 
Other Schemes for Commercial Companies 
By H. Dovauarty, F.C.L.1. . : . Net 


Personal Accident, Disease, aad Sickness 
Insurance, The Principles and Practice of 


By J. B. WE1son, LL.M . Net 
Physiology and Anatomy 

By H. GarpINneEr, M.S., F.R.CS. 5 ? - Net 
Principles and Practice of Accident Insurance 

By G. E. BanFiEtp, A.C.LI.. ; : . Net 


Principles of Insurance. By J. Aurrep EKE Net 


Successful Insurance Agent, The 
By J. J. Biscoop, B.A., F.C.1S., J.P. . - Net 


Talks on Insurance Law 


By J. A. Watson, B.Sc. LLB ; - Net 
Workmen’s Compensation Insurance 
By C. E. Gotpine, LL.D., F.C.LI., F.S.S, » Net 
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PRICE 


6/- 
7/6 


5/- 


6/- 


50/- 


5/- 


15/- 


6/- 


o/- 


6/- 


5/- 
10/6 


6/- 
5/- 


2/6 
3/6 


5/- 


SHIPPING 
Case and Freight Costs 


By A. W. E. CROSFIELD ; Net 
Exporters’ Handbook and Glossary, The 
By F. M. DUDENEY : Net 


How to Export Goods. By F. M. epee: Net 
How to Import Goods. By J. A. Dunnace . Net 
Importer ’s Handbook, The. By J. A. Dunnacz Net 


Manual of Exporting 
By J. A. DUNNAGE, F.S.S., F.C.1., A.M.Inst.T. . Net 


Shipbroking, Introduction to 


By C. D. MacMurray and M. M. CREE . - Net 
Shipping. By A. Hatt and F. Heywoop . Net 
Shipping and Shipbroking 

By C. D. MacMurray and M. M. Cree . - Net 
Shipping Business Methods 

By R. B. Pau. ‘ . Net 
Shipping Finance and Accounts 

By R. B. Pau : - Net 
Shipping Office Organization, Management, 

and Accounts. By ALFRED CALVERT . . Net 
Shipping Terms and Buuece 
By J. A. DUNNAGE : : , . Net 
INCOME TAX 
Dictionary of Income Tax si eae: Tax Practice 

By W. EH. SNELLING. : : . Net 
Income Tax, Introduction to 

By HE. D. Fryer, A.L.A.A. ° . Net 
Income Tax, Notes on 

By W. S. CARRINGTON, Chartered Accountant . Net 
Income Tax, Snelling’s eee 

By C. W. CHIVERS : ‘ - Net 
Income Tax Relief, Double 

By H. E. SEED and ‘A. W. RAWLINSON . . Net 
Income Tax Reliefs 

By A. W. RAwLinson, A.C.A. ‘ . Net 
Income Tax, Super-Tax, and Surtax 

By V. WALTON, F.C.A., F.R.S., F.R.Econ.S. . Net 
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PRICE 


7/6 
2/- 
2/- 
10/6 


10/6 


3/6 


15/- 
5/- 
2/6 
6/- 


2/6 


25/- 
2/6 
3/6 
3/6 

10/6 

20/- 
7/6 


SECRETARIAL WORK, ETC. 


Chairman’s Manual 
By GURDON PALIN, and ErRNEstT MartTIN, F.C.LS. Net 
Company Refgistrar’s Manual, The 


By J. J. QUINLIVAN ‘ ‘ : . Net 
Company Secretarial Routine 

By C. C. Watrorp, A.S.A.A., ACIS.  . . Net 
Company Secretarial Work 

By E. Manrtin, F.C.LS. : . Net 


Company Secretary’s Vade Mecum > 
Edited by P. Tovey, F.C.I1.8. Revised by C. W. ADAMs, 


A.C.LS. . Net 
Dictionary of Secretarial Law and Practice 
Edited by Pattie Tovey, F.C.1.S. . : Net 
Examination Notes on Secretarial Practice 
By C. W. Apams, A.C.LS.  . Net 
Formation and Management of a Private 
Company. By F. D. Heap, B.A... . Net 


Guide for the Company Secretary 

By ARTHUR COLES. KHevised by W. CEciL Woop. 

A.C.LS. ; . Net 
Guide to Company Secretarial Work 

By O. OtpHaMm, A.C.I.S. Revised by G. K. BUCKNALL, 

A.C.I.S. (Hons.) ; Net 
Honorary Secretaryship. By W. B. Taorne Net 
How to Take Minutes 

Edited by E. Martin, F.C.LS. , ‘ . Net 
Meetings. By F. D. Heap, B.A. . F . Net 
Practical Secretarial Work 

By Henry I. Ler, A.IS.A., J as ai Ceneeny, 


and WILLIAM N. Barr Net 
Practical Share Transfer Work 
By F. W. LIDDINGTON. . Net 


Prospectuses : How to Read and Understand 
Them. By Pui Tovey, F.C.1LS., and Il. LAMBERT 
Suarp, B.Sc. . . Net 
Questions and Answers on Secretarial Practice 
By E. J. Hammonp. Revised by K. aed 


A. %, LS. (Hons. ) : : . Net 
Secretary’s Handbook | 

Edited by Sir H. E. Brain, C.B.E. ° . Net 
Share Transfer Audits 

By R. A. Daviss, A.C.1S. . Net 


Transfer of Stocks, Shares, and Other 
Marketable Securities. By F. D. Heap, B.A. Net 
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o/- 
10/6 
1/- 
2/- 


3/6 
50/- 
2/6 
27/8 


6/- 


3/6 
2/6 


2/6 
5/- 


7/6 
3/6 


5/- 


INDUSTRIAL ADMINISTRATION 


PRICE 

Dictionary of Industrial Administration 

Edited by J. ae ee te M.A., nae sai Two 

Vols. : Net 63/- 
Employment Management 

Compiled and Edited by DANIEL BLOoMFIELD . Net 8/6 
Engineering Factory Spppites 

By W. J. Hiscox . ; ‘ ~- Net 5/- 
Factory Administration in Practice 

By W. J. Hiscox . : Net 8/6 
Factory Lay-Out, Planning ad Progress 

By W. J. Hiscox . Net 7/6 
Factory Organization 

By C. H. Nortscort, M.A., Ph.D., O. SHELDON, B.A., 

J. W. WARDROPPER, B. Se. . B. Com. A. . W.A., and 

L. Urwick, M.A. . . Net 7/6 
Fair Wage, A. By E. Barren . .  . Net 2/6 
Industrial Organization 

By JoHN L&E, C.B.E.,M.A.,M.Com.Se  . . Net 5/- 
Industrial Organization, The Evolution of 

By B. F. Suretps, M.A. : . ; . Net 10/6 
Introduction to Industrial ace smaraton: An 

By J. Les, C.B.E., M.A., M.Com.Sc. : Net 5/- 
Labour Organization 

By J. Cunntson, M.A. . : . Net 7/6 
Lectures on Industrial Administration 

Edited by B. Muscio, M.A. . ; . Net 6/- 
Management 

By J. Les, C.B.E., M.A., M.Com.Sc. ° . Net 5 
Modern Industrial Movements 

Edited by D. BLOOMFIELD ; : - Net 10/8 
New Leadership in enaustty The 

By S. A. LEWIsoHN : . Net %6 
Outlines of Industrial Administration 

By R. O. HERFORD, iS Kae be oe and hea G. 

JENKINS ~ Net 6/- 


Philosophy of Management: The 
By Oxiver SHELDON, B.A. < ‘ és » Net 
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10/6 


Industrial Administration—contd. 


Principles of Industrial Administration, An 
Introduction to 


By A. P. M. Fremine, C.B.E., M.Sc., M.1LE.E.. 
and H. J. BROCKLEHURST, M.Eng., A.M.I.E.E. . Net 3/46 


Principles of Industrial Welfare 
By J. Ler, C.B.E., M.A., M.Com.Sc. . ; . Net 5/- 


Problems of Labour 
Compiled and Edited by DANreEL BLoom¥FretpD . Net 8/6 


Rationalization 

By J. A. Bowrg, M.A., D.Litt. ; ‘ . Net 1L/- 
spare Profits With Employers 

By J. A. Bowrg, M.A., D.Litt : . Net 10/6 
Time Standardization of Workshop Operations 

By T. Prtx1neTon, M.I.Mech.E. d : . Net 16/- 
Welfare Work in Industry 

Edited by E. T. KELty . ‘ ‘ ~ Net 5/- 
Workshop Committees 

By C. G. RENOLD . : ; ‘ ‘ . Net L/- 

BUSINESS ORGANIZATION AND 
MANAGEMENT 

Business Management 

By PERCIVAL WHITE : - Net 15/- 
Business Organization and Routine 

By W. CAMPBELL, Chartered Secretary ; . Net 1/- 
Clubs and Their Manes 

By F. W. PIxtEy . - Net 10/6 


Colliery Office Orianivadon “nd mecounts 
By J. W. INNES, F.C.A., and T. C. CAMPBELL, F.C.1. Net 7/6 


Commercial Management 


By C. L. BoLuinae . ‘ - Net 10/6 
Counting -House and ractory Organization 
By J. GILMOUR WILLIAMSON . Net 7/6 


Filing Systems. By E. A.Corze . ., . Net 8/6 


Flour Milling Industry, Organization and 
Management of the. By E. L. Pearson. Net 12/6 
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Business Organization and Management—contd. 


Grocery Business Organization and Manage- 
ment. By C. L. T. nave O.B.E., and J. A. 


SMART Net. 
Hire Panchune: By Harotp W. ELEY . . Net 
Hire-Purchase Trading 

By CunuiIFFE L. BOLLING ‘ ° e e Net 
Hotel Organization, Management, and 

Accountancy 

By G. De EON = F. F. el F.S.A.A., 
F.C.LS. . » Net 
How to Manage a Private Hotel 

By P. Hosss . , : : . Net 


How to Organize Basanee Concerts; Fetes, 
Exhibitions, etc. 


By F. ATTFIELD FAWKES : : ; . Net 
Modern Office Management 

By H. W. Smupson, F.C.1S. ‘ ; ~ Net 
Multiple Shop Organization 

By A. E. HAMMOND , ° . Net 


Office Organization and Manapenient’ 
Including Secretarial Work 
By LAWRENCE R. DIcCKSEE. M. conus are 


and Sir H. E. Buain, C.B.E. . Net 
Organization of a Small Business, The 

By W. A. Smrira, A.C.W.A. ‘ . . Net 
Retail Shop, The 

By C. L. T. BEECHING, O.B.E., F.G.1. " . Net 
Self-Organization for Business Men 

By Morey Darnow, B.Sc.(Hons.), Lond. . Net 
Selling by Post 

By HAarRoLp W. ELEY. : . - Net 


Solicitor’s Office Organization, Management, 
and Accounts 


By E. A. Cope and H. W. H. RosIns - Net 
Stockbroker’s Office, one 

By J. BE. Day. ‘ ‘ 4 . Net 
Stores Accounts and Stores Control 

By J. H. Burton . : . . Net 
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PRICE 


6/- 
1/- 


10/6 


10/6 


3/6 


6/- 
2/8 


6/- 


7/6 
2/6 


1/- 


1/- 


6/- 
7/6 


5/- 


MUNICIPAL WORK 


Local Government of the United Kingdom, 
and the Irish Free State, The 


By J. J. CuarKe, M.A., F.S.S. . «Net 
Municipal Accounting Systems 

By S. Warreneap, AS.A.A. . . «©  « Net 
Municipal Audit Programmes 

By the same Author ; ‘ : ; - Net 
Municipal Book-keeping 

By J. H. McCart,F.S.A.A. . . Net 
Municipal and Local Government Law 

By H. EB. Smirx, LL.B. . ; ‘ : . Net 
Municipal Organization 

By M. H. Cox, LL.B. . . Net 
Municipal Student’s Examination Notebook 

By S. WHITEHEAD, A.S.A.A.  . ‘ ‘ . Net 


Municipal Series 
Edited by WILLIAM BaTsEson, A.C.A., F.S.A.A. 
Describes the Organization and Administration in the 
Various Departments of a Municipality. 
Principles of Organization 


By W. BATESON, A.C.A., F.S.A.A. . Net 
Education Department 

By A. E. Inn, B.Sc., LL.D... x . Net 
Electricity Undertaking 

By C. L. BE. Stewart, M.LE.E, : . Net 
Finance Department 

By W. Bateson, A.C.A., F.S.A.A, . Net 
Gas Undertaking 

By E. Upton, F\S.A.A.. - Net 
Municipal Engineer and Surveyor’ S 

Department. By E. J. Exrorp . . Net 

Public Health Department 

By W. A. LEONARD 7 < , . Net 
Rating Department 

By A. H. Peacock, M.A., AS.A.A. . - Net 


Town Clerk’s Department and the 
Justices’ Clerk’s Department 
By A. S. Wricut and E. H. SINGLETON . Net 
Tramways Department 
By S. B. N. Marsy . : ‘ - Net 
Waterworks Department 
By F. J. ALBAN, F.S.A.A., F.ILM.T.A., A.C.LS. Net 
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12/6 
°/~ 
3/6 
7/6 

10/6 


3/6 
7/6 
6/- 
7 
5/- 
10/6 
6/- 


7/6 
6/- 
10/6 


ADVERTISING AND COMMERCIAL ART 


PRIOE 


Advertisement Lay-Out ae Copy-Writing 
By A. J. WATKINS : Net 15/- 


Advertising Procedure. By 6 ees . Net 21/- 
Advertising Through the iad 


By N. HUNTER ‘ : . Net 5/- 
Advertising to Women 
By C. A. NAarruer, M.A. : : : . Net 22QL/- 


Art in Advertising 
By ERNEST W. TWINING and Dorotuy E. M. 


HOo.LpIcH (Ready immediately) 
Business Man’s Guide to pavertiaing 
By A. E. Bui ‘ . Net 3/6 


Craft of Silent Salesmanship 

By C. Maxwetu TrEGURTHA and J. W. Frinas Net 65/- 
Designs, Book of 

By C. J. and L. S. Strone .. Net 16/- 
Dictionary of Advertising and Printing, The 

By G. J. FRESHWATER and ALFRED BasTIEN . Net 42/- 
Effective Postal Publicity 


By Max RITTENBERG Net 7/6 
Hints and Tips for Commercial Artists 

By Bernarp J, PALMER ; . Net 65/- 
Language of Advertising, The 

By J. B. OPDYCKE . ‘ . Net 15/- 
Law Relating to Advertising, The 

By E. Line-Ma.uison, B.Sc. (Lille) . ‘ . Net 7/6 


Layouts for Advertising. By Joun Det . Net 12/6 
Letter and Design, Studio Handbook 


By S. WELO . : . Net 12/6 
mortermig Plain and Ornamental 

By E.G. Fooxs . , . Net 8/6 
Modern Publicity. By n w. Daan ; . Net 2/6 
Practical Points in Postal Publicity 

By Max RITreNBERG Net 7/6 


Practical Press Publicity. By A. L. Curyme Net 3/6 
Ticket and Showcard Designing 


By F. A. PEARSON : : . Net 3/6 
Training in Commercial Art 
By V. L. DANVERS ; : . . Net 2l/- 


Types and Type Faces 


Reprinted from “ Modern pares. me 
By C. M. TREGURTHA : . Ne 2/6 
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SALESMANSHIP 
ere at ne eats PRICE 


Building Retail Sales. By C.C. Knicuts . Net 5/- 
Commercial Travelling. By a4. E. Buin . Net 3/6 


Craft of Silent Salesmanship 
By C. MaxweE.Lyt TreeurTHa and J. W. Frinas Net 5/- 


Mail Order and cera Afading 


By A. E. Burt. . Net 17/6 
Mail Order Organization 

By P. E. Wison . ‘ ; ; . Net 3/6 
Modern Sales Correspondence 

By D. M. Witson . ; - Net 5/- 
More Sales Through the Window 

By C. C. KniaHTs . , : - Net 5/- 
Outline of Sales Management, An 

By C. C. Kniauts, Sales Consultant ; ~ Net 5/- 
Personal oe nee 

By R. Smmart, M.A. : ~- Net 5§/- 
Practical Aids to Retail Selling 

By A. Epwarp HAMMOND ; : p - Net 7/6 
Practical Salesmanship 

By N. C. Fow er, Junr. ; ; F . Net 7/6 
Principles of Retailing 

By N. A. Brisco, Ph.D. . ; : : . Net 16/- 
Psychology as a Sales Factor 

By A. J. GREENLY . ; ; - Net 10/6 
Retail Salesmanship. By C. L. Bouma . Net 17/6 
Sales Management. By C. L. Bo.uine . Net 10/6 
Salesmanship 

By W. A. Corsion and G. E. GrimspDALe . Net 38/6 
Salesmanship. By Wiiam MaxwELL . ~ Net 5/- 
Salesmanship, Technique a 

By C. C. KNnieauts . ‘ ; 6 o Net §/- 
Shop Fittings and Display 

By A. E. HAMMOND ¢ : - Net 5§/- 
Successful Retailing. By EB. N. nen : . Net 5/- 
Training for More Sales 

By C. C. Knicuts, Sales Consultant ; ~- Net 5/- 
Training for Travelling pareemien 

By F. W. SHRUBSALL : . Net 2/6 
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TRANSPORT 


Canals and Inland Waterways 
By GEoRGE CapBury and S. P. Dosrgs, B.A. . Net 


Commercial Air Transport 


By Litut-Co.. Ivo i C.M.G., hy F. Tymms, 
M.C., A.F.R.AeS. . - Net 


History and eononiice of Tpanapoce The 
By A. W. Kirgatpy, M.A., B.Litt., M.Com., 


and A. D. EVANS . ‘ Net 
How to Make the British Railways Pay 

By M. F. Farrar . Net 
Industrial Traffic Management 

By G. B. LissENDEN ; ‘ . Net 


Modern Dock Operation 
By D. Ross-JoHnson, C.B.E., V.D., M.Inst.I. . Net 


Modern Railway Operation 
By D. R. Lams, M.Inst.T. ; , ; . Net 


Motor Road Transport. By J. Pamiumore. Net 


Port Economics 


By B. Cunninasam, D-Sc., ee eae 
M.Inst.C.E.  . A ‘ Net 


Railway Electrification aod oe Problems 
By P. Burr, M.Inst.T. . ‘ - Net 


Railway Rates : ae a and Problems 
By P. Burtt, M.Inst.T. . Net 


Railway Statistics: Their Ghianitaton aad 
Use. By A. E. Kirkus, 0.B.E., MInst.T. . Net 


Rights and Duties of PEAUSDOFE ungertenine. 
By H. B. Davins, M.A. . Net 


Road Making and Road Using 


By T. SALKIELD, M.Inst.C.K., M.Inst.T.. Net 
Road Transport Operation—Passenger 

By R. Sruart PincuHer, F.R.S.E., M.Inst.T. . Net 
Traders’ Rail Charges Up to Date 

By J. W. Parker, A.M.Inst.T. : : . Net 
Transport Management, rece 

By ANDREW HAsTIE : : ° « Net 
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PRICE 


7/6 


27/6 


16/- 
3/6 
20/- 
6/- 
7/6 
10/6 
6/- 
10/6 
6/- 
5/- 
5/- 
7/6 
10/6 
3/6 


10/6 


LAW 


Bankruptcy, Deeds of Arrangement, etc. 
By W. VALENTINE BALL, M.A., Barrister-at-Law Net 


Bills, Cheques, and Notes 





By J. A. SLater, B.A., LL.B. (Lond.). — . . Net 
Business Tenant, The 

By Epwarp S. Cox-Sinciair, and T. HyNnEs . Net 
Commercial Law of England, The 

By J. A. SuaTer, B.A., LL.B. (Lond.) . . Net 


Companies and Company Law 
By A. C. ConnELL, LL.B. pvieenes yt pevives Oy W. E. 
WrLE1nson, LL.D. Net 
Company Law 
By D. F. pe L’Hoste Rankine, M.A., LL.D., and 


eaNier Evan Spicer, F.C.A. . Net 
Elements of Commercial Law, The 

By A. H. Dovuatas, LL.B. (Lond.) . . Net 
Elementary Law 

By E. A. Core. Revised by H. Cosway . Net 


Examination Notes on Commercial Law 

By R. W. Hotianp, O.B.E., M.A., M.Sc., LL.D. . Net 
Examination Notes on Company Law 

By R. W. HoLianp, O.B.E., M.A., M.Sc., LL.D. . Net 
Executorship Law and Accounts 

By D. F. DE L’HosTe Ranxina, M.A., LL.D., 

E. E. Spicer, F.C.A., and E. C. PEGLER, F.C.A. Net 
Guide to Bankruptcy Law and Winding Up of 

Companies 

By F. PorTeR FAvsset, M.A., Barrister-at-Law Net 
Guide to Company Law 

By R. W. HoLuanD, O.B.H., M.A., M.Sc., LL.D. . Net 
Introduction to Commercial Law 

By Norman A. WEBB, B.Sc. 


Law for Journalists 


By CHARLES PILLEY, Barrister-at- Law . Net 
Law for the House-Owner 
By A. H. Cosway . ‘ Net 


Law of Carriage by Railway, The. In Great 
Britain and Ireland 
By L. R. Liapsett, M.A., LL.D., and T. J. 
DL. AtrKinsSON, M.A, . : : E ; - Net 
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PRICE 


12/6 


7/6 


3/6 


6/- 


10/- 
2/- 
4/- 
2/6 
2/6 


15/- 


3/- 
3/6 
5/~ 
3o/- 


2/6 


90/- 


Law—contd. 
Law of Contract, The 
By R. W. Hotianp, O.B.E., M.A., M.Sc., LL.D. Net 


Law of Joint Stock Companies 
By W. J. hbeti ' A,, = Sc. sof ory s I sa sali esPh 


at-[Taw . Net 
Law of Naseer ahd Servant 

By F. R. Barr, LL.M. . F . Net 
Law Relating to Building and Contracts 

By W. T. CRESWELL, Barrister-at- Law ; . Net 
The Law Relating to Industry 

By H. Samuets, M.A., Barrister-at-Law . . Net 
Legal Terms, Eunaees and Abbreviations 

By E, A. Cops : ; - Net 


Liquidator’s Index and Summary of the 
Companies Act and Winding Up Rules, 1929 
By Joun H. Senior, F.C.A., and H. M. Pratr Net 
Manual of Company Law and Practice 
By Lestrm Mappock, Barrister-at-Law  . . Net 
Mercantile Law 


By J. A. Siater, B.A., LL.B. (Lond.). Revised by R. 
W. Ho.LuaAnpD, O.B.E., M.A., M.Sc., LL.D. . Net 


Partnership Law and Accounts 
By R. W. HoLiann, O.B.E., M.A., M.Sc., LL.D. Net 
Principles of Marine Law 
By LAWRENCE DUCKWORTH. ee by Ww. 
MARSHALL FREEMAN ‘ . Net 
Questions and Answers on Comiercial Law 
By R. W. Hotiann, O.B.E., M.A., M.Se., LL.D. Net 


Rights and Duties of Liquidators, Trustees, 


and Receivers, The 
By D. F. pE L’Hoste RAnEmae, M.A., LL.D., ERNEST 
E. Spicer, F.C.A., and ERNEST C. PEGLER, F.C.A. Net 


Solicitor’s Clerk’s Guide 
By E. A. Cope. Revised by F. G. W. LEsteR . Net 


Trade Mark Law and Practice 


By A. W. Grirrirus, B.Sc. (Eng.), Lond. - Net 
Trusts : Law, Administration, and Accounts 

By C. KELLY and J. CoLE-HAMILTON . . Net 
Wills 


By Rh. W. HoLLaNnp, O.B.E., M.A., M.Sc., LL.D. Net 
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5/- 


7/6 
10/6 
12/6 
15/- 

3/- 


15/- 
10/6 


7/6 
6/- 


7/6 
5/- 


15/- 

4/- 
10/8 
15/- 


2/6 


REFERENCE BOOKS 


Bedrock of Modern Business, The 
By JAMES STEPHENSON, M.A., M.Com., D.Sc. . Net 


Business Building 
Edited by F. F. SHarzes, F.S.A.A., F.C.LS. 2 Vols. Net 


Business Charts 


By T. G. Ross, A.M.I.Mech.E. ‘ Net 
Business Cycles. The Problem and Its Setting 
By W. ©. MITcHELL ; . Net 


Business Forecasting and Its Practical Appli- 
cation. By W. Watace, M.Com. (Lond.) . Net 
Business Man’s Encyclopaedia and Dictionary 
of Commerce 
Edited by FranK HEywoop, F.C.LS. Two Vols. Net 
Business Man’s Guide 
Edited by J. A. Sharer, B.A., LL.B. . . Net 


Business Statistics 
By R. W. HoLitann, O.B.E., M.A., M.Sc., LL.D. Net 


Business Terms, Phrases, etc. . . Net 
Buying and Selling a Business 
By A. H. Cosway . ‘ Net 


Cable and Wireless Communications of the 
World, The 


By F. J. ‘Brown, C.B., C.B.E., M.A., B.Sc. . Net 
Charting, Manualof . . . .  . Net 
Charts and Graphs 

By KARL G. KARSTEN, B.A. (Oxon) : » Net 
Commercial Arbitrations 

By E. J. Parry, B.Sc., F.LC., F.C.S. ; » Net 
Commercial Commodities 

By F. Matruews, B.Sc., A.LC., F.C.S.  . . Net 


Commercial Contracts. By BE. J. Parry . Net 


Commercial Self-Educator 
Edited by R. W. Hotzanp, O.B.E., M.A., M.Sc., LL.D. 


Two Vols. : . Net 
Commodities of Commerce 
By J. A. SuatTer, B.A., LL.B. ; ‘ . Net 


Cotton World, The 
Compiled and Edited by J. A. Topp, M.A.,B.L. . Net 


Dictionary of the World’s Commercial 


Products 
By J. H. Vanstone, F.R.GS. . ‘ ‘ - Net 
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PRICE 
15/- 
42/- 
10/8 
30/- 


7/6 


47/6 
6/- 


3/6 
3/6 


3/6 
7/6 
6/- 
20/- 
3/6 


12/6 
5/- 


Reference Books—contd. 
Discount, Commission, exe probeisee Tables 


By ERNEST HEAVINGHAM - Net 
Documents of Commerce 

By F. A. Wittman, Cert. A.I.B. é Net 
Guide to the Improvement of the Memory 

By the late Rev. J. H. BAcon ; Net 


Handbook on Wills, A. By A. H. re . Net 


How to Collect Accounts by Letter 
By C. HANNEFORD-SMITH ; Net 


How to Grant Credit. By Coraperr GREia Net 
History, Law, and Practice of the Stock 


Exchange, The. By A. P. Porzy, B.A. . Net 

Investor’s Manual, The 

By W. W. Watt, F.S.S., F.J.1. . Net 
Markets of London. By CuTrHBErRT MaueHAN . Net 
Mercantile Terms and Abbreviations . Net 
Money and the Stock and Share Markets, The 

By Emi Daviss sa. - Net 
Money Making in Stocks and Shares 

By SYDNEY A. MOSELEY . Net 
Public Speaking, Essentials of 

By W. C. Dusois, A.M., LL.B. , ; . Net 


Raw Materials of Commerce 
In 2 vols. Edited by J. H. VANSTONE, F.R.G.S. Net 
Report Writing 
By Car. G. Gaum, M.E., and HAROLD F.. GRAVES, M.A. 
Net 


Romance of World Trade, The 

By A. P. DENNIs, Ph.D., LL.D . Net 
Root Principles of Investment, The 

By H. CopzE WEST . ; . Net 
Shareholder’s Manual, The 

By H. H. Basser . ; ‘ ; - Net 
Speak in Public, How to 

By ©. F. Carr and F. E. STEVENs . P . Net 
Statistics 

By WILLIAM VERNON LovirtT, Ph.D., and HENry F. 

HOLTZcLaAw, Ph.D. Net 


Statistics and Their Application to Commerce 


By A. L. BODDINGTON. ‘ ‘ ‘ . Net 
Types of Business Enterprise 
By M. C. Cross, LL.B., Ph.D. ; s ~ Net 
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PRICE 
1/6 
2/8 


1/6 
2/6 


3/6 
3/6 


2/6 
3/6 
6/- 
1/6 
2/- 
7/6 
8/8 
40/—- 


12/6 
15/- 
15/- 
3/6 
3/6 


15/- 
12/6 
21/- 


FOREIGN LANGUAGES 


FRENCH 

Progressive French Grammar 
By Dr. F. A. Hepacocgk, M.A., D.és.L.  . . Net 

Commercial French Grammar 
By F. W. M. Draper, M.A., B. és. L. ‘ . Net 


French-English and English-French 
Commercial PrcHouaty 


By F. W. Smirs__iw . Net 
Manual of French Commercial Correspondence 

By G. R. MacDONALD ; . Net 
French Commercial Phrase Book 

By P. WARREN . ‘ ; : - Net 


Correct French Speech 


By B. Dumvmi.1ez, M.A., F.C.P. 
GERMAN 
A New German Grammar 
By J. KEEGAN, M.A. ‘ ; ; ; . Net 
Commercial German oranmer 
By J. BIrHet., M.A. , Net 


A New German-English daa English-German 
Dictionary for General Use 
By F. C. Hesert and L. Hinsco . : . Net 


German-English and English-German 
Commercial Dictionary 
By J. BIrvHew, M.A. ‘ : : , - Net 


Commercial Correspondence in German. Net 
SPANISH 
Spanish Commercial eremmae 
By C. A. ToLEDANO . - Net 


Spanish-English and English- Spanish 
Commercial Dictionary 
By G. R. MacDoNnaLtD P ; . Net 


Manual of Spanish ae Correspondence 


By G. R. MACDONALD... P . Net 
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PRICE 


5/6 


2/8 


7/6 
5/- 
5/- 


1/6 


3/- 


3/6 


15/- 


16/- 
3/6 


4/6 


12/6 


4/6 


Foreign Languages—contd. 


ITALIAN 


Baretti’s Italian and English Dictionary 
Compiled by GUGLIELMO COMELATI and J. abe 
in two volumes (Reprinted) : . Net 


Italian Commercial Grammer 
By Luiai Ricci é - - Net 


Italian-English and English- Italian 
Commercial Dictionary 


By G. R. MACDONALD. . : : . - Net 
Mercantile Correspondence, English-Italian 
Net 
PORTUGUESE 


Portuguese-English and English-Portuguese 
Commercial Pees. 


By F. W. Smiru ssa. . Net 
Mercantile Correspondence, English- Portu- 
guese. ; : ° : . Net 


PITMAN’S SHORTHAND 
Dictation ‘Books, Heading Books, ete., soe Pitman's 
‘SHORTHAND AND TYPEWRITING CATALOGUE.” 
Pitman’s Shorthand Instructor ; 
Pitman’s Shorthand Commercial Course 
Pitman’s Shorthand Rapid Course 
Shorter Course in Pitman’s Shorthand 
Shorthand Dictionary . . 
English and Shorthand Dictionary 


Shorthand Clerk’s Guide 
By V. E. CoLiinak, A.C.LS. . . ° 


Progressive Dictator 


Phonographic Phrase Book  . __—~Paper 1/6, Cloth 2/- 
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PRICS 


25/- 


4/- 


30/- 


16/- 


3/6 


4/6 
4/6 
4/6 
1/- 
7/6 
10/- 


2/6 
2/6 


TYPEWRITING 


PRICE 
Pitman’s Commercial Typewriting 
By W. and E. WALMSLEY ’ ° ° - O/- 
Pitman’s Typewriter Manual . . ., , = 5/;- 
Business Typewriting 
By F. Heeuis, F.C.1.8. . ‘ : ° . - 
Advanced Typewriting 
By the same Author : ; j : : 3/6 
Typist’s Companion, The 
By MAXWELL Crooks, F.Inc.T.T., F.1.P.S. « Net Q/- 
Touch Typewriting for Teachers 
By the same Author : Net 7/6 
Book of the Underwood Typewriter, The 
By the same Author , Net 2/6 
Touch Typewriting Exercises 
By T. J. Smuons, F.C.TS., F.I.P.S. . ‘ ‘ 1/6 
Practical Course in Touch Sypewerene 
By Cc. E. Sma. 2/- 
Questions and Answers on “‘Typewriting ‘and 
Office Procedure 
By ARTHUR E. Morton . - 76 
Royal Society of Arts Typewriting Tests 
By A. E. Morton. No. 1, Elementary ; me: 2, aaa 
mediate ; No. 3, Advanced. Each . 2/6 
Duplicating and Copying Processes 
By W. DessorovaeH, O.B.E. . Net 65/- 
Modern Typewriting and Manual of Office 
Procedure 
By A. E. Morton . ‘ 5/6 
Work and Management of a 1 Copying Office, 
The 
By G. C. MENzIEs . - Net 10/6 
Pitman’s Keyboard Mastery Course 
By MAXWELL Crooks. The book is prepared for use 
with Pitman’s Gramophone Course of Keyboard In- 
struction. In large post 4to (Ready immediately ) 
Pitman’s Gramophone Course of Typewriter 
Keyboard Instruction 
Complete, in strong case, together with one copy of 
Instruction Book. pone twelve 10-in. records 
(six discs) ® e ° ° e e Net 35/ cars 


Complete List post es on application. 
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COMMON COMMODITIES AND INDUSTRIES 


Each book in crown 8vo, illustrated. 3s. net. 


In each of the handbooks in this series a particular product or 
industry is treated by an expert writer and practical man of 
business. Beginning with the life history of the plant, or other 
natural product, he follows its development until it becomes a 
commercial commodity, and so on through the various phases 
of its sale in the market and its purchase by the consumer. 


Acids, Alkalis, and Salts, (ADLAM.) 
Aluminium, (Mortmer.) 

Asbestos. (SummERS.) 

Bookbinding Craft and Industry. 


(Harrison.) 


Books—From the MS. to the Book- 
seller, (YoOuNG.) 


Boot — Shoe Industry, The. (Harp- 
ING.) 


Bread and Bread Baking. (STEwaRr.) 
Brushmaker, The. (Kipp1=z.) 


Butter and Cheese. (TISDALE and 
JONES.) 


Button Industry, The. (Jones.) 
Carpets. (BEinTOoN.) 

Clays and Clay Products. (SraRxe.) 
Clocks and Watches. (OvEERTON.) 
Clothing Industry, The. (Poozr.) 
Cloths and the Cloth Trade. (HunTER.) 
Coal. (Wison.) 

Coal Tar. (WaRnes.) 


Coffee—From Grower to Consumer. 
(KEABLE. ) 

Cold Storage and Ice Making. 
(SPRINGETT. ) 

Concrete and Reinforced Concrete. 
(I'WELVETREES. ) 


Copper—From the Ore to the Metal. 


(P1caRD.) 


Cordage and Cordage Hemp foe 


Fibres. (WoopHOUSsE and 
GOUR.) 
Corn Trade, The British. (Barxzr.) 


Cotton. (PHake.) 

Cotton Spinning. (W4DE.) 

Drugs in Commerce. (HUmMPHREY.) 
Dyes. (Hat.) 
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Electricity. (NEALE.) 

Engraving. (LASCELLES.) 
Explosives, Modern. (Levy.) 
Fertilizers, (Cave.) 

Fishing Industry, The. (Grsss.) 
Furniture. (BINSTEAD.) 

Furs and the Fur Trade. (Sacus.) 
Gas and Gas Making. (WEBBER.) 
Glass and Glass Making. (Marson ) 
Gloves and the Giove Trade. (Extis.) 
Gold. (Wurrz.) 

Gums and Resins, (Parry.) 

Ink. (Mrrcsez1t.) 

Iron and Steel, (Hoop.) 
Ironfounding. (W#ITELEY.) 


Jute Industry, The. (Woopnovss 
and KiGoor.) 


Knitted Fabrics. 
QUILTER. ) 


Lead, including Lead Pigments. 
(SMYTHE. ) 


Leather. (ApcocK.) 

Linen. (Moogsz.) 

Locks and Lock Making. (BurTres.) 
Match Industry, The. (Drxon.) 
Meat Industry, The. (Woop.) 

Oils. (MrrcoH=zz1. ) 

Paints and Varnishes, (JeNNINGs.) 
Paper. (Mappox.) 


Perfumery, The Raw Materials of. 
(Parry.) 


Photography. (GAMBLE. ) 
Platinum Metals, The. (Smrru.) 
Pottery. (NokE and PLanv.) 


(CHAMBERLAIN and 


Common Commodities and Industries—contd. 


Rice. (Dovatas ) Telegraphy, Telephony, and Wireless 
Rubber. (Stevens and STEvins ) (POOLE ) 

Salt. (CaLveRrt ) Textilo Bleaching. (STEVEN ) 

Silk. (Hoorer ) Timber, (BULLOCK ) 

Silver. (WHITE ) Tin and the Tin Industry. (Munr cy ) 
Soap. (Summons ) ropacen: (TanvER ) (Revised by 


Sponges. (CRESSWELL ) Weaving. (CRaNKSHAW ) 
Starch and Starch Products. (AUDEN ) wheat and Its Products. (MILLAR ) 


Stones and Quarries. (HowE ) Wine and the Wine Trade. (sm1ow } 
Sugar. (MarTINEAU ) (Rovised by Wool. (HUNTER ) 


EASTICK ) 
Worsted Industry, The (Dumvrt1. 
Sulphur and Allied Products (AUDEN ) and KERSsH rete ( 
Tea. (Issrrson ) Zinc and Its Alloys. (Longs ) 


Technica! Dictionary of Engineering and Industrial 
Science in Seven Languages: English, French, 
Spanish, Italian, Portuguese, Russian, and 
German. 


In four volumes, each in crown 4to, buckram gilt, 2230 pp 
£8 8s. net, complete. 


Compiled by ERNEsT SxaTER, M I E.E., M I.Mech.E., in collab- 
oration with leading Authorities 


(Complete index for each language in pi epui ation) 


PITMAN’S SHORTHAND 


Invaluable to all Business and Professional Men 


Sir Isaac Pitman & Sons, Ltd, Parker Street, Kingsway, London, W.C.9 


PRINTED IN GREAT BRITAIN AT THE PITMAN PRESS BATH 


